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ABSTRACT 
Since Kochenburger presented the describing function 
numerous attempts have been made to improve and/or simplify 
the methods of studying nonlinearities in servo-mechanisms 
This paper reviews some of the most common methods of 
describing function development, 

The describing function has been used primarily for 
Stability analysis on the Nichols, polar, and Nyquist plots, 
This paper shows the use of the real and imaginary components 
of the describing function on the parameter plane, In 
addition a generalized digital computer program is developed 
for generating describing function data for a large class of 
nonlinearities. Data is computed and tabulated for a number 
of common nonlinearities, and these tables are included as 
an appendix. 

The writer wishes to express his appreciation for the 
assistance and guidance given him in this investigation by 


Dr, George J. Thaler of the U.S. Naval Postgraduate School. 
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AN INVESTIGATION OF DESCRIBING FUNCTION DEVELOPMENT 
l. INTRODUCTION 

The use of linear theory in the analysis of servo- 
mechanisms can be justified if the nonlinearities can be 
neglected, and if all components in the system perform in 
an ideal manner, No real system performs ideally however, 
and a point is reached where the nonlinearities can no 
longer be neglected, Kochenburger first introduced the 
describing function which is a method of representing a 
nonlinearity by an approximate equivalent linear transfer 
function. The describing function is defined as a magnitude 
and angle; the magnitude being the ratio of the output wave 
to the input wave, and the phase angle being the difference 
between the phases of the output and input waves.  Kochen- 
burger's definition was based on applying a sinusoidal 
input to the nonlinearity under study. The output will, in 
general, be periodic with the same period as the input, but 
will contain many harmonics not present in the input. If 
the control system being studied acts as a low pass filter 
then most of the higher harmonics will be filtered out and 
only the fundamental will remain, The transfer function 
for the nonlinearity will be simply a gain factor (magnitude) 
with possibly some phase shift. A phase shift is introduced 
whenever the graph of the nonlinear element shows a closed 
loop indicating hysteresis or backlash. 

Since Kochenburger, many other types of describing 


functions have been developed. The reasons for the new 


s 


developments have included attempts at increased accuracy, 
Simplification of computation, and methods of handling 
nonsinusoidal inputs,  Kochenburger's method has gained wide 
popularity, and is by far the most common one in use today 
for general cases, In certain special cases, however, other 
types of describing functions are superior to Kochenburger's, 
Several of the more common methods of describing function 
development are described in the following sections. They 
include: 


a. Conventional (Kochenburger's Fourier fundamental 
method) 


b. Minimum Average Error 

6 Minimum Absolute Value Error 
d, Princes Equivalent Gain 

e,  Ogata's Method 

f. New Root Mean Square (RMS) 
g. Corrected Conventional 

h. бте 

i. Exponential 


j. Dual Input 


Nonlinearities may be classified in several ways. A 
continuous nonlinearity is one which has only one value of 
output for a particular input magnitude. A discontinuous 
nonlinearity, then, would be one such as a relay, which has 
two possible values for the same input. This latter case is 
also known as a fast nonlinearity since the output changes 


rapidly with respect to the time constants of the overall 
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TYPES OF NONLINEARITIES 
Figure 1-1 
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system. See Figure 1-1, 

Combinations of the above nonlinearities may be found 
in any particular system, Hopefully, all nonlinearities can 
be combined into a single nonlinearity, ара reducing 
the analysis problem. However, it is often not possible to 
combine nonlinearities, For example, if two nonlinearities 
are separated by an element having a transfer function which 
is frequency sensitive or which has a gain not equal to one, 
then the input to the second nonlinearity is not equal to 
the output of the first, and the two cannot be combined 
directly. Thaler? gives an extensive discussion of manip- 
ulation of block diagrams which contain nonlinear elements, 

Even when nonlinearities cannot be combined it is 
still possible to use describing function theory, but the 
labor of calculation increases considerably. A case of a 
saturating amplifier and friction controlled backlash 
separated by linear elements which are frequency dependent 
is considered in Appendix II. The major problems which occur 
are first, the inputs to both nonlinearities become frequency 
dependent, and second, the output of the first nonlinearity 
is modified in amplitude (as a function of frequency and the 
gain of the linear elements) before it enters the second 


nonlinearity. 


em Lei e 


2, GENERALIZED DESCRIBING FUNCTION 

If two or more nonlinearities are combined, a new 
describing function must be derived for the combination, For 
example, the describing function for deadzone and saturation 
is not simply the sum of the two individual describing 
functions, It then appears desirable to have a single 
describing function which is generalized to handle any 
nonlinearity or combination of nonlinearities, Sridhar? 
did this for a large number of common nonlinearities, basing 
his development on the Conventional (Fourier fundamental) 
Describing Function, Using Sridhar's development a computer 
program was developed to compute data for any describing 
function which falls under Sridhar's classification, The 
program uses Fortran 60 compiler, and was developed using the 
Control Data Corporation 160) digital computer. This program 
along with instructions for using it is included in Appendix III. 

Sridhar's technique was to consider a complicated non- | 
linearity (shown in Fig. 2-1) and write the describing 
function, Then, when considering a simpler nonlinearity which 
is similar to the original, certain terms in the general | 
describing function automatically cancel out., After | 
integrating to obtain the coefficients of the Fourier funda- 
mental of the output wave, and dividing by the input wave 
(see Section 3 == Conventional Describing Function), the 
equations for the real and imaginary components of the 


output wave become: 
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Figure 2-1 


Generalized Describing Function 
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3. CONVENTIONAL DESCRIBING FUNCTION (FOURIER FUNDAMENTAL) 

The advantages of one type of describing function over 
another depends upon the type of system being considered, the 
accuracy required and the amount of time available for analy- 
sis. In the study of servo-mechanisms using describing 
function theory the use of conventional describing function, 
developed independently by Kochenburger and others 12,13,14 
has become widely accepted. Except for special cases where 
a high degree of accuracy is required or, where the input is 
nonsinusoidal, the conventional describing function is a 
suitable approximation. In using this method the output 
wave is expanded into a Fourier series of which only the 
fundamental is considered, 

INPUT =) ESin we 

OUTPUT o(t) = Ao + Aq cos wt + Ву зіп wt + Ap cos 2wt + 

- Bosin 2wt + ..... 7 


where the coefficients are given by 


| cos (nwt) dwt 
0 


fo sin (nwt) dwt 


О 


An = 


Ino 


Be = 


3» 


By definition the output wave has no average component 
and thus Ao = 0. Considering only the fundamental the 
2 


describing function becomes: 


N = output fundamental 


input 


= ο - 


— — 


N= V/A? JB? /ten-1 (83/41) 


E700 | 


As shown in Figure 3-1b the general technique is to 
cut the loop at the input to the nonlinearity, Since the 
describing function is defined such that the input is 
sinusoidal, this implies that the output of the linear 
element is also sinusoidal and of the same frequency. In 
fact when the loop is closed again the two signals are id- 


entical. This assumes that all higher harmonics are 


—— n —— و و و‎ -" — a р == ። 


completely filtered out since vy = v3 when the loop is 


closed, This assumption naturally limits the field of 
accurate application of this analysis. However, in servo- 
mechanisms and control systems the higher frequencies are 
greatly attenuated. If interfering signals and subharmonics 


are negligible then the approximation becomes valid. 


We, قت‎ ... A 
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Typical Block Diagram of System Containing 
Nonlinear Hlement 
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lh. MINIMUM AVERAGE ERROR DESCRIBING FUNCTION 

Developed by Gibson? the Minimum Average Error Describ- 
ing Function, as its name suggests obtains the magnitude of 
the sine wave required to minimize the average error. This 
is accomplished by minimizing the area of the equivalent 
መ. Sine wave and the area of the actual output wave, 
Example: 

Consider a perfect relay, shown in Fig. lj-1. The 


conventional describing function is GD = 4M 
. ТЕ 


in this case the average error is the difference between 
the area under one half cycle of the equivalent sine wave 
and the area of the actual output square wave, 
4” ar 


Made - Dsin Ө аө 


0 ο f H 


T |! 
|። - D sin 9) аө z WM 2р 
٥ 


In this case it is possible to reduce the error to zero 


ERROR 





giving 
غا‎ 7-7 


MS 


Dividing by the input the describing function then becomes 


GD = D “TM 
Е 2E 


2 
which is a factor 1.23 (car) larger than the conventional | 
describing function, 
This describing function has the disadvantage of intro- 


ducing large negative errors to compensate for large positive 





oe 


errors, and of course, one iS as bad as the other. A 
different approach to describing function development which 
compensates for this disadvantage is to minimize the absolute 


magnitude of the average error, 


-20- 


一 -一 一 — — 


| —— — —— n — ων  . a r у тан - ——— — -. — 


- 
ο Ἄν 


actual output wave 


input wave 
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Figure lel, Graphical Representation of Minimum 
Average йггог Describing Function for Ideal Relay . 
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5. MINIMUM ABSOLUTE VALUE ERROR DESCRIBING FUNCTION 

This describing function was also developed by Gibson? 
and is very similar to the Minimum Average Error describing 
function, In this case the square root of the difference of 
the squares of the equivalent and actual waves is integrated 


over one half cycle. For the ideal relay this would be 


T 
ERROR z (м2 - pe 84п29)946 = 0 


which yields 


GD 


am 
ls 
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6, PRINCE'S EQUIVALENT GAIN DESCRIBING FUNCTION 

Prince! developed a describing function which is very 
useful for saturation types of nonlinearities, However, it 
is not generalized for all types of nonlinearities. The 
describing function is obtained by defining an equivalent 
gain for each nonlinearity, The magnitude of the equivalent 
sine wave output is defined as the peak of the actual output 
wave, 

In Fig. 6-1 Prince's Equivalent Gain is shown to have 
small error. However, for a different type of nonlinearity 
such as a relay with deadzone (Fig. 6-1) the error would 


become extremely large, and this method would be unacceptable, 





E 






equivalent 
wave 


saturation d E actual output - 


input wave 





equivalent 
wave 


} 


relay with idead zone 


actual output 


Figure 6-1, Prince's Uquivalent Gain Output wave 
for Saturation and Relay with Dead Zone 
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OGATA'S METHOD 
An additional method which has never become widely used 


0 proposed a method which is 


might be mentioned here, Ogata 
most accurate with relays and limiters, but becomes quite 
difficult and inaccurate with other types of nonlinearities, 
The method is based on the assumption of an initial wave 
shape at the output of the nonlinearity. This is a major 
disadvantage except in the cases of ideal relays and limiters 
Since the output waveform cannot be predicted unless the 
magnitude of the input wave is known, The mathmatical 


development is quite involved and is presented in the 


preference material, It will not be repeated here, 
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8, THE NEW RMS DESCRIBING FUNCTION 
This describing function was developed by Gibson and 
Prasanna-Kumar?. It is obtained by equating the rms value of 
the equivalent output sine wave of fundamental frequency to 
the rms value of the actual nonsinusoidal output of the non- 


linear element in response to a sine wave input, 


"ée e 


27 е ә 
z= (E 8) а do 
TT : sin | ነፅ 

ዕ 


” 
` — 
5 


where 
E sin 6 = input to nonlinearity 


f(E sin 8) = output from nonlinearity 


Example 


For a relay with deadzone 





60 = а K | π - 2545(5) | 
E 


ፓፕ 





The conventional describing function for this nonlinearity is 


zo E 


It is seen that tne New RMS describing function is more 
complicated, both in development and in the final result. In 
his development Gibson showed that the new rms method gives 
more accurate results than the Conventional Describing 
Function, However, Rankinel9 in his proposal of the Corr- 
ected-Conventional Describing Function showed that the 
difference in accuracy between the New RMS and the Conventional 
describing functions was less than one percent in magnitude 
in most common cases. This would hardly justify the increased 


labor involved, 
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9. CORRECTED CONVENTIONAL DESCRIBING FUNCTION 

Developed by RankinelÜ this method offers an increase 
in accuracy аз а reward for an approximate doubling of effort 
in calculation, Rankine showed that for several common 
nonlinearities the error could be cut in half from the 
Conventional Describing Function, The Corrected Conventional 
Describing Function is obtained by finding the magnitude of 
the square root of the sum of the squares of the first and 
third harmonics of the output wave, divided by the magnitude 


of the input. 


1 
Cor = Ai^ T 51.“ + A e Hs 2۴ / ant ዲገ 
Е /00 Ву 


Ge 
| f(t) cos wt 1 
٥ 


TT 
| f(t) sin wt ак 
9 


where 


НР 
Alm» “Ino STIN 


GC f(t) cos 3wt dwt 
٥ 


Во 


11 
Y 


| f(t) sin 3wt dwt 
о 


Rankine defined the phase angle as the angle whose 
tangent is the ratio A,/B,. He also restricted his derivation 
to nonlinearities which produce odd-harmonics thus, the third 


harmonic is the first above the fundamental, 
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10, ELLIPTIC DESCRIBING FUNCTION 

The Elliptic Describing Function was developed by 
Jopling in an attempt to improve accuracy over the Conven- 
tional Describing Function, This new development is 
restricted to odd-symmetrical, single-valued, frequency- 
independent nonlinearities, 

Nearly all describing functions for nonlinear systems 
specify a sinusoidal input signal, If the linear portion of 
the system is not a perfect low pass filter then the 
harmonics of the output from the nonlinear portion will be 
fed back into the nonlinear element, thus invalidating the 
assumption of sinusoidal input. In most servo-mechanisms 
the filtering is good, and the approximation of sinusoidal 
input is valid. However, for higher frequency devices, the 
error involved becomes unacceptable, Іп these cases the 
Elliptic describing function provides a definite advantage 
of increased accuracy. 

The actual output of a nonlinear element is approximated 
by the Jacobian elliptic function which has the same amplitude 
and period as the actual function,  Jopling obtained the 
amplitude of the elliptic function by minimizing the mean 
Square error between the actual function and the approximating 
elliptic function, 


ር developed a set of equations for the calculation 





of the Elliptic Describing Function, Using these equations 
an example was worked out showing their use. The equations 


and the example are adapted from Jopling. I 


-29= | 


A study of the example makes it immediately obvious that 
the Elliptic Describing Function involves considerably more 
effort in analysis than the Conventional Describing Function, 
making this method advisable only when the accuracy justifies 
the additional labor involved, It may be noted that even 
with the tremendous increase in labor the error is still 
greater than 5%, 

Example: 

The steady state response for several systems was calcu - 
lated using the elliptic describing function, and the results 
obtained were compared with the results obtained from an 
analog computer study. An approximation of system oscilla- 
tions was also obtained using the conventional describing 
function method, | 

As an example of the application of the elliptic 
describing function consider the nonlinear feedback system of 
Pig. 1 where the nonlinear element N is an ideal relay with 
an output of plus or minus one, and the linear elements have 


a transfer function 


Gls) = D ἴα E 
SIE * 1) 


The Nyquist plot of this transfer function is shown in 
Fig. 2. This Nyquist plot crosses the negative real axis at 
two points: 

(1) The point a, corresponds to an unstable limit cycle. 


(2) The point a, corresponds to a stable limit cycle 


2 
with a frequency of 1.58 radians per second, 


¿qos 


We will be concerned only with the stable limit cycle, 


From the Nyquist plot, we find 


ለ (ንህ) соз 2030) - 204 E .316 cos 2712 ,067 
A (w 1. 70 


A "patio" line for the ratio ,067 is sketched on Fig.10-3. 

Since the gain of the linear elements to the first 
harmonic is 4.70, the "gain" of the nonlinear elements to 
the first harmonic will be approximately 1/1.70 ог „213. 

As a crude approximation, assume the "gain" of the nonlinear 
device to be the ratio of the amplitude of the output to 

the amplitude of the input, Using this approximation, and 
knowing the amplitude’ of the output from the relay to be 
one, the "gain" of the nonlinear element will be approxi- 
mately .213 when the amplitude of the input is .h70. 

To ensure that the amplitude of the normalized solution 
is less than one (but not too much less), let us normalize 
the system output according to the relationship c! s c/10, 

Using this relationship, the normalized nonlinear 
relationship may be approximated by the following polynom- 
49165 

Legendre approximation m! = 2,81 е! - ,780(6፤)። 

Chebychev approximation m' = 2,55 e! - 667 (e1)2 

Using a normalizing factor of ten, we have 


A (w) = a(w) = ,ዜ70 
10 


First, let us use the elliptic describing function for 


the Legendre approximation of the nonlinearity. 


89 


For the values of k4, k, on the "ratio" line, the follow- 


ing values of ах42 are obtained from the equation 


2 


ax,“ = koK, sinh (TKS) 
: 2Kg = 27% 
Aw) bk4K4 sinh (77 Ky') 
OKs 





— 


Table 10.1 Elliptic Describing Function Data 


These values of axy? and k, are plotted on Fig./0-3 to 
obtain a line which intersects the ,067 "ratio" line, 
This intersection gives us the following parameters of 


the elliptic function approximation of system oscillations: 


I 238 
ах; 2 = 2320 
Thus, we have 
= 2 - - | 
ха om axş = ‚320 ~ . ټ بات‎ 
8 Th 


This is the amplitude of oscillations for the normalized 
System, The amplitude for the unnormalized system із 6,10, 
Iherefore the elliptic function approximation of system 


oscillations is 


с = 6.40 sn(1.64t, .38) 


232 





“Figure 10-1, Closed Loop Block Diagram for Example 
of Elliptic Describing function Application 





Figure 10-2 


Nyquist Plot of Example of Application of Elliptic 
Describing Function, 


- 
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Similarly, the Chebychev approximation yields the 


following result: 


5h)‏ و29٥‏ ,)۹1 6,۱ ده 


Results 









Analog Conventional Elliptic 
Computer Describing Describing 
Simulation Function Function 


Amplitude of 
Oscillations 


Frequency of 

Oscillations 

= — |. — 1 8 
in Amplitude 12.7 5,83 


Table 10-2 Comparative Results of Elliptic Describing Function 
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Describing function, 
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11. EXPONENTIAL DESCRIBING FUNCTION 
Sinusoidal analysis provides a valuable tool for analysis 

of periodic, steady state systems, However for transient 
analysis sinusoidal techniques fail, and other methods must 
be used, Since most transtents are exponential in nature it 
is obvious that an exponential approximation be chosen to 
represent the describing function of a nonlinearity, Beckart >” 
developed one such approximation technique, but the develop- 
ment and use of this technique is quite lengthy and involved 
mathmatically. Since transient behavior is beyond the scope 
of this paper, the development of the Exponential Describing 


Function will not be summarized, 
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12. DUAL INPUT DZSCRIBING FUNCTION (DIDF) 

All standard methods of describing functions fail 1f the 
input is non-sinusoidal or if there is more than one input 
Signal. West, Douce, and Livesley20 developed a method 
whereby two input signals could be handled provided one was 
a multiple frequency of the other, 


Specifically 
54 Ξ 81 cos (wt + Ø) + bj cos nwt 


The output would then have frequency components at 


both frequencies, 
Eout = ао cos(wt + Gro) + b> cos(nwt+ B ) tee 


where Ü and @ are the phase shifts of the individual output 
components, Two describing functions may then be defined, 
one for each frequency: 
ap, = 2 23 GD, = mul 
l 1 

Practical arrangements where two inputs occur are those 
of forced oscillations and the closed loop considered 
previously with an interfering signal. Figs.12-1 and 12-2, 

There are several variables which complicate the 
problem: 

a, The amplitude of the two input waves ау апа by 


b. The differences in phase of the input waves (6) 
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c, The multiple difference in frequency of the 
two input waves (n). 

Ihe analysis of the DIDF becomes & complex problem 
involving a large amount of computation and data, The situa- 
tion is not hopeless, however, West, et al. showed a break- 
through in several areas, namely: 

a, Stability of forced oscillations 

b. Possible existance of jump phenomena 

c, Amplitude stability of conditionally stable 
systems 


d. Subharmonice oscillations 


Ihe DIDF appearson the complex plane as a family of 
loops with the variable distinguishing one loop from another 
being the amplitude (a5) of the subharmonic output wave 
(the amplitude of the fundamental (52) being normalized to 1), 
The location on a particular loop is determined by the phase 
difference between input and output, The amplitude and phase 
of the oscillatory mode may be determined by superposition 
of a Nyquist diagram. The second describing function may be 
analyzed by reversing the above process, 

Jelonek, Pomella, and Karunaratne2Ó showed that the 
incremental describing function (i.e, a transfer function 
for a small increment to the oscillation) is in fact a circle 
for any type of periodic interference and for any frequency 
independent nonlinearity. This makes the construction of the 


шоор опат егар ту Sitipler. 


2158 


interfering 
Signal 






Figure 12-la Block Diagram of Closed Loop System | 
With Interfering Signal. | 


να 


Figure 12-1b Block Diagram of Open Loop System 
With Interfering Signal, 


=l O &- 


os(wt - ϱ) Š 


bcos nat 


Figure 12-2 Block Diagram of System With Forced 
Oscillations, 
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Jelonek et al. also made several important conclusions 
regarding stability analysis using DIDF, In general if the 
formula for the DIDF is known, information is available in 
analytical form for determining two necessary and sufficient 
conditions for stable oscillations, 

a. The loop obtained for a point P on the DIDF must 
196 6611616 ٢ 

Ὁ, Moving along the plot of the inverse Nyquist 
diagram (of the linear part of the system) in the 
direction of increasing w, the center of the loop 
must lie to the left. This is an approximation 
which improves in accuracy as the size of the loop 
decreases with respect to the radius of curvature 
of the inverse Nyquist plot in that particular 
area. 

If a graph of the DIDF is available, condition (a) 
may be determined by inspection, and condition (b) may be 


determined by a simple geometric construction. 
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APPENDIX I 


Use of Heal and Imaginary Components of the Describing Function 


Consider the system in Fig. I-1. The characteristic 


equation is: 


F(s) 2 as? 4 bs + c + KN 


© 


13-1 


Assume N introduces a phase shift, N = «= 1 16 


Nutting“ 


showed that by developing and plotting the 
parameter plane equations the system stability can be 
studied. If a nonlinearity is introduced into the system 
the parameter plane criteria mast be modified, 
| The parameter plane equations are derived for zeta = 0 

which is the vertical axis on the A-plane, and indicates the 
limit of stability. These equations are then plotted as a 
function of frequency. In addition the real and imaginary 
components of the describing function of the nonlinearity 
are plotted, An intersection of the zeta = O curve and the 
describing function curve indicates equal values of and 

and thus a limit of stability at that point, The values 
of the limit cycle can then be determined, 

Factoring the general characteristic equation for a 


Second order system 


52 4+ 2A wS + wets 0 ` 13-2 


$- -Iu kamp ww 13-3 


4 


Substituting this into equation 13-1 gives for the second 


quadrant (S = - A + jw y m ) 


(8) = aw2(2Z2 -1) -buZ 4 c4 Ke 4 j(-2a«77 J1- X? 


bwyl- x +KB) = O 13-Ц 


Setting the real and imaginary components to zero independently 


gives 
ov - له‎ (1 2х5 b Deo ge 13-5a 


K 
В = 2a RV 1- XP + wV 1 - RF 13-5b 
K 


Equations for the third quadrant may be similarly derived 


by substituting S2 -Z -ju/i-AX^ 


or obtained directly by substituting -٨ and -м 


into eqs 13-5a,b giving: 


aw? (1 -2X эч bAw-e 13-6a 
не ce чаш 


>ë ο ο e - bw Vi ^ 13-6b 
K 


To determine stability consider the zeta = 0 curve on the 
parameter plane. Considering a particular system where (See 


Fig. I-1) 


9 ا. = 
)1 + 3(3 


G2 
i 


N= Friction Controlled Backlash 
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— 


Pigure I-1, Block diagram of typical 
Second order system containing nonlinearity 
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The characteristic equation of the linear system is 


S^ » s+ h.9 


F(s) 


and Wn го %. "5" ШӨП 


The characteristic equation of the complete nonlinear system 
is 


a 
F(s) = s? - s 4 L.9N b 


l 
1 
с 0 


To determine stability consider the zeta = 0 curve on the 
parameter plane. The parameter plane equations are obtained 
by substituting 2 Z 0 into equations 13-5a,b and 13-6a,b. 


For the second quadrant the equations reduce to 


2 





cc = یه‎ 13-7a 
K 
= à W 
6 cx 13-75 
Third quadrant 
2 
e «М 13-8 
" "Ke 


13-85 


Q 


An examination of the plot of the real and imaginary 


1 
4" 


components of the backlash describing function shows that 
eqs 13-8a,b cannot possibly produce an intersection, There- 
fore, only equations 13-7a,b are plotted in Fig. 1-2, 

The intersections shown indicates a limit cycle at 


w = 1,56 with a backlash to amplitude ration of 0.5. The 


Sigo: 


limit cycle predicted at R= ,189, w = .3l does not exist 
as shown by Nichols. An analog computer simulation of 


this problem gave a limit cycle at R= .19, и = ,3. 
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Pigure I-2. Parameter Plane Plot Showing Intersection 
Giving Limit of Stability, 


-52- 





0.0 E - 
-.01 
e 
- 06 
тас. ο 
-.03 Backlash describing function 
~ Olt 
- ,05 
- ,06 
S 
Second Intersection . —^ 
οι does not give limit 
cycle 
05 


Figure 1-3, Expanded Portion of Paraneter Plane 
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APPENDIX II 


Use of Describing Function in System Containing Two Nonlinearities 


If two or more nonlinearities agre connected in a series 
path they may be combined for analysis ‘and a Single describing 
function derived. However, if the nonlinearities are not in 
the same path, or if other factors prevent their combination 
the concepts previously shown must be modified, Several 
conditions must be satisfied in order to use describing func - 
tion theory. First of all, as before, the input must be near 
Sinusoidal, implying low pass filtering in any feedback paths. 
In addition, low pass filtering must also be present between 
nonlinearities in order that the assumption of sinusoidal 
input be valid, 

Consider the system shown in Fig. II-l. In determining 
the dynamic describing function curve a sinusoidal input is 
assumed at point A, The input to N, will then be AG, , 
Note that the input to N is frequency dependent if the linear 
transfer function G, is frequency dependent, The output from 
Ny can be determined, and if it is properly filtered through 
Go the input to No will again be sinusoidal. The output of 
N5 can then be determined and the real, and imaginary com- 
ponents plotted on the parameter plane, 

In plotting the dynamic describing function curve only 
the phase shift caused by the nonlinear elements is considered 
in determining the real and imaginary components of the output 


wave, The phase shift caused by the linear elements is 


Жее 


considered in the parameter plane curves, 
Considering a particular system as shown in Fig. II-2 


the characteristic equation is: 


sj + 357 + 25 + ከ0፪(8;ሸለ + 3ኾ1፡8) = 0  ፲፲-3 


3 2 
ته‎ 3s" 4 NNa + (ës = 0 


The parameters chosen to be plotted are: 


F(s) 


oS =, б = № 

The parameter plane equations can then be determined 
from Nutting“ or the parameter plane curves may be gener- 
ated by program PARAMA also developed by Nutting. These 
curves can be generated and plotted directly for various 
values of д апа ы, For the stability analysis only the 
family of curves for % = O need be considered, A solution 
to equation II-1 will exist, indicating a limit of stability, 
when the dynamic describing function curve intersects a 
parameter plane eurve at equal values of w. 

Two runs were made using different values of gain, In 
the first caso, Fig. II-3, for ፪ሺ = ,35 a limit cycle is 
predicted with a signal input amplitude of .23 and w= ‚52. 
In the second case, Fig. h, the gain K was raised to .25, 
The limit cycle is predicted at A= .45, w= .68. Since 
the magnitude of the limit cycle did not include the 
effects of the frequency sensitive elements, it is necessary 


to multiply that magnitude by Ny [s o. | | G2(jw) | in order 


Все, 





Figure 11-10 “Block seran of Typical System 
Containing Two Nonlinearities 





Figure II-2, Block Diagram of System Containing 
Saturation and Friction Vontrolled Backlash, 
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Schirings Method 
Analog Computer 
Parameter Plane 





Iu c ao 


Schirings Method 
Analog Computer 
Parameter Plane 





Table II-1 Comparison of Limit Cycle Determination 
by three different methods, 
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to get the correct limit cycle amplitude, This yields the 
values shown in table II-1. The limit cycle frequency 18 
correct as determined, 

Considering this same problem Donohue? obtained an 
analog computer solution and a graphical solution by Schiring's 
method? which gave results shown in table II-l, 

The excellent correlation of the three methods demonstrates 
the accuracy of the parameter plane method, The example also 
shows that two dependent nonlinearities can be handled with 
a minimum of effort through the use of describing function 
techniques on the parameter plane, Pellegrini! enlarges 
on the above example and also shows the use of similar tech- 
niques when applied to two additional cases (1) Two nonlinear 
elements with identical signal excitation, and (2) Two 
nonlinear elements related to a common signal by a linear 


differential equation, 
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APPENDIX III 


Computer Program for Generalized Describing Function 


For the purpose of the computer compiler language 
Slightly different notation is used than that shown in 
Fig. 2-1. Figure III-1 shows the general nonlinear element 
from which a large class of nonlinearities may be constructed, 
Figure II-2 shows some of the possible nonlinearities which 
may be used and typical values to be entered on data cards, 

When using the program it is important to reduce the 
general nonlinearity in a logical manner to fit the non- 
linearity for which data is desired. Care must be exercised 
so as not to introduce coordinate points which will result 
in the computation of a negative slope, such as entering a 


value of C greater than B, 
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APPENDIX IV 


Iwo Position Relay 


This is a memory type nonlinearity which introduces 
a phase shift. It is a common type of relay which provides 
stability to systems which have small oscillations around 
a zero point. Often the amount of hysteresis can be 
controlled by a voltage setting. If a system has small 
oscillations an ideal relay would constantly be switching 
thus causing instability and even damage to driven equipment, 
However, with the hysteresis small input signals are ignored 
and switching occurs only with a command signal large enough 


© Overcome the hysteresis, 
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TWO POSITION RELAY 
MAGNITUDE(DB) AND PHASE 
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DB THETA 
-2,0982 -90.00 
22.0808 -93.62 
-2.0634 -95,13 
-2,0459 -96,28 
> - =ረ,0ረ665 -97.25 
-2.0109 -98.11 
-1.9933 -98.89 
-1.9757 -99.60 
-1.9581 -100 ,26 
-1.9404 -100.89 
|. 71.9227 -101.48 
“1.9050 -102.04 
-1.8872 -102.58 
1.8694 2105.09 
91.8515 -103.59 
-1.8336. -104.07 
-1.8157 -104.53 
-1.7978 -104.98 
-1.7798 -105.42 
(0 213.7617 “105.89 
-1.7456 -106.26 . 
-1,729595 -106.66 
-1.7074 -107.06 
-1.6892 -107.45 
“1.6709 -107.82 
__-1.6527_ -108.19 
^ 1.63844 -108,56 
-1.6160 -108.92 
-1.5976 -109.27 
2175792 -109.61 
-1.5608 -109.95 
21.5423 -117 ل2‎ 
-1,5237 -110.61 
1.5051 -110.93 
__ 21,4865 -%441725 
-1.4679 =1 124. , 5527 
-1.4492 -111,87 
-1.4304 -112.18 
-1.4116 -112. 48 
-1.3928 -112.78 
-1.3740 -113.07 
55 =з, Иб 
-1,3361 -113.65 
ሠ... -115,94 
-1.2981 -114,22 
21.2790 -114.49 
-1.2599 
-1.2408 -115.04 
5112816 “1194 
> OMEN 
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R REAL IMAG GD( UW) PHASE DB THETA 
. 900 . 4995 ТЗТ 1.1459 -64,16 -1,1831 -115.84 
ШЕ 2898 5051 -1. 1.1434 -65, 90 . -1.1637 -116.10 В 
.896 5066 -1.0222 1.1408 -63,64 -1.1444 -116,36 
‚894 55100 20770176 (1.1383 -63,38 -1.1259 -116, 62 
.... 692 9194 -1.0151 : 1,165; η MILES -116,87 3 
890 E5157 -1.0085 1.1332 ЭБ 27 -1.0860 “11796. 
.888 15199 -1.0040 1.1306 -62,62 -1,0665 - 117, 3 
‚886 525] =, 85 9905 1.1281 -62237 эт бро -117.63 TE 
‚884 ‚5262 -.995] d. 1255 2562715 Ет. ጠው ደን -1 7 ل3‎ 
.882 „5292 ‚9905 1.1230 -61,88 -1.0076 -118.12 
БО . ud 22 -19860 “111205 - -61,64 | -,9879  -118,36 
878 = 1 .9815 1.1179 -61,40 - 1 -118.60 
. 876 „5379 -,9771 1.1154 -61,16 `-.9483 -118.84 
. 874 Ұй”! ЕЕ: 1 1188 1-60. 5: 266 “119.07. S 
872 „5435 2 1.1103 -60.69 5 - 9751 
. 870 ,5462 -.9637 1.1077 -60.46 -.8886 -119,54 
.868 5488 - 9593 1.1052 -60,03  -,8686 ιο . 
. 866 „5514 -.9549 1.1026 ؛‎ UU -.8486 -120.00 
.864 EK -.9505 185100195 -59077 -.8285 -120.23 
‚862 E oos 2 9561 - 1.0975 -50,54 -,8084 -19 46 8 
: . 860 ‚5568 -.9417 1.0950 NEEDS, 572 ‚7882 -120.68 
| .858 E5611 -.9373 1.0924  -59.09 - 7680 -120.91 
"E326 5634 9329 1.0899 -58.87 -.7477 -12114. 90 
.854 25657 -.9286 1.0873 -58.65 -.7274 -121.35 
852 .5679 -, 92453 1.0848 -58,43 2570 710 -121 ۷ 
850 5701 -.9199 1.08235  -58.21.. ..-.6866. -121 090058 
848 15 72 -.9156 1.0797 -57.99 -,6661 -122.01 
‚846 „5743 -.9113 1.0772 R° 78 -,6456 -122,22 
Ie 5264 9070 که تن مرم لل‎ ы -ሣ: 251 . -122,43 % 
WER .5784 -.9027 αν 0721 _-57,35 -,6045 -122,65 
540 5803 -.8984 120695: 757 124 -.5838 -122,86 
838 5822 -.8041 1,0670 -56,95 -,5651 -125 07 T 
836 5841 - ,8899 1.0644  -56,72 25 ЕТТЕ -123,28 
834 5859 -.8856 1.0619 951 ‚5215 -123,49 
832 5877 -.8814 1.0593 -56,50 . -.9007 -123 Z0 CE 
830 5894 -.8771 1.0568 -56.10 ‚4798 -123,90 
828 5911 -.8729 1.0542 -55,89 -.4588 -124,11 
826 5928 -,6637 1,0517 -55,60 -,43578 _ -124,31 
824 5944 -, 8645 1.0492 -55,49 ‚4168 -124,51 
822 5960 -.8603 1.0466 -55.29 - 13956 - 1 7i 
820 5976 -,8561 1.0441 -55,08  -,5745 124 52800 
. 818 5991 -.8520 1.0415 -54,89 -, 5533 -125,11 
.816 6006 -.8478 1.0390 -54,69 = 205020 -125,31 
‚814 6020 -.8436 1,0364 -54.49 -,3107  -125,51 | 
. 812 6054 -.8395 1, 03555 ООШ с መአ መ ος -125,71 
‚810 6048 -.8354 1.0313 08552200 -.2679 -125.90 
‚808 6061 2,8313 1.0288 -53,90 -.2464 -126.10 
.806 6074 * 482 71 1.0262 -53.71 ‚2249 -126.29 
‚8604 . 6687 -.6230 1.0837 33 208633 2126,49 
ро 502 0 16100 — 00 0211 -93,52 -,1817 -225,58 
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ΜΝ. ο 


“718 | 


«716 
. 714 


° γε 2 


210 
‚708 


* 706 ` 


m ‚7804 
E . 702 


_ (WOTRO ITION RELAY 
REAL IMAG GD(JW)' PHASE DB 
‚6112 -.8149 110186۴ 55.13 -.1600 
.6123 -,8108 1.0160 -52,94 -.1383 ` 
. 6145 -.8067 1.0135 -52,75 -.1165 
‚6146 -.8027 190110 -5@,56 -.0946 
SH -.7987 1.0084 -52,37 -.0727 - 
ο ο -.7946 1.0059 -52,19 -.0508 
‚6177 -.7906 1.0033 -52.00 -.0287 
E5137 -.7866 1.0008 -24.81 -.0067 
‚6197 - 7826 290982 ҒО; 204555 
252 96 -.7786 9957 -51.44 ‚0%77 
„6215 „7746 9931 51.26 .0599 
EET AN OSs 51 2 522 Т 
.6252 .7667 .9880 -50.90 2.1046 
.6240 -- 7626 Қ 9855 2517771 41270. - 
‚6248 -,7588 9829 -50,55 .1494 
‚6255 -,7549 9804 -50,35 21720 
‚6263 - 7510 P9778 -50.17 1946 
-, 7471 ЕО755 3771 .2172 
.6276 - 742 9728 -49.82 2999 
„6283 - 75295 «9702 -49,64 ,2627 
Ü .6289 - 73954 1,9677 -49,46 ‚2855 
.6295 -.7316 .9651 -49.29 . $084 
6301 -.7277 «9626  -49.11 .5514 | 
-6306 | -.72359 .9600 -48.94 1.3544 
25511 -.7200 .9575 -48.76 „3774 
‚6316 -.7162 ‚9549 -48.59 ‚4006 
63821 -.7124 1,9524 -48,42 48 
26825 -,/086 9498 -48,25 . 4470 
. 630 -.7048 .9473 -48.07 .4703 
I cmd. SN 1፡1] 79447 52976910 ‚49357 
22557 -,6972 „0422 -47,73 9172 
5521 -.6935 „9397 -47,56 ‚5407 
. 63844 -.6897 .9371 -47.39 5642... 
.6347 - 68560 (9346 -47 .22 .5879 
0301 -.6822 “9520 247.05 25116 
^. 2.6785 .— 292995 66,80: œ. 6353 
,6 985 -.6748 ‚9269 -46,72 ‚6592 
„6357 -.6711 .9244 -46.55 ‚6831 
— се -. 6673 (9218 πρ ο ο προ 
. 6860 -.6637 9193 -46,22 7310 
. 63562 -.6600 09167  -46,05 553 
63638 -.6564 .9142 -45,89 77/55 
„65364 - ,6527 .9116 -45,73 ‚8035 
„6365 O91 9091 -45,56 «8278 ` 
.6366 -,6455 9065 -45.40 | ,8522 
‚6366 -.6418 9040 -45,23 ‚8766 
.6366 -.6382 ο. O. 290110 
2.6366 - 6546 .8989 -44,91 9257 
: 6866 2,6310 10904 ۹7 (9503 
‚6366 -.6275 „8938 -44,59 
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-126.87 


-127.0 6 


ود ر2 له 
127,44- 
127.65- 
63 ,1,27 - 


-128.00 
-128.19 





“το om 
-1 28055 
-128,74 
-128.92 


129717 


-129,29 
-129,47 
“129,653 
-129,83 


|. -130.00 


-1530.18 


| «160.56 


` 150.528 |] 
150. ΠΠ 


7150.89 
7-131.06 
-131.24 
-131.41 
-131.58 
-131.75 
-131.93 
51525) 
-132.27 
-132,44 
2J MON 


-132,78 


132,95- 
کک 


-133,28 


-133,45 
ded !غو‎ 
-133.78 


ጨጨ س‎ | 


-133.95 


| ሠ 1. መመ 


-134,27 


134,9% N 
-134,60 


-134,77 
-134.93 


 -1 609۶ Ἱ 
3435,25 
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R REAL IMAG GD( JW) PHASE D8 THETA 
700 63565 = 62°59 ‚8915 -44,43 ‚9998 - 13550, Sy 
‚698 „6564 - 6203 8667 -ፊ‹ -44,27 242242 _ -135,73 
‚696 „6363 -.6168 8862 -sarti 1.0496 - 1.55, 89 
‚694 ‚6362 -.6132 ‚8836 -43,95 1.0746 -136.05 

| 692. 6361 = 6097 ' — .8811 -43.79.. 140997 - -136,220በ68 
. 690 ‚6359 -.6062 ‚8785 -43.63 1.1248 -136.37 
.688 "6057 -.6027 8760 -43,47 101 $00 -136.53 
. 686 165/85 | 2,5992 ,8734 -43,31 1.1753 -136.69 
‚684 ΒΡ =,5957 767095 -45 186 1 2 91047 -136.84 
‚682 655717 -,5922 .8684 -43,00 478251 -137.00 
. ٥ 63558 -.5887 .B658 -42,84 1,2516 -137,16 
‚678 „6345 ыс .8633 -42,69 1.2772 -1 37 565 
.676 .6343 .5818 ,8607 -42,53 1.5029 -137 
‚674 6340 -.5784 .8582 -42,38 1.3286 -137.62 
. 672 ‚63556 - 5750 ‚8556 -42,22 1755944 -137,78 
.670 ο» -.5716 8531 =ባረፍቸ07 1.5805 - 137 . 5 

_ 668 6529 - 5682 8505  -41.91 1.40653 -1۵ ٢ Б 
. 666 . 6326 = 5646 «Β48η «4.76 1.4528 -138.24 
‚664 ‚63522 - ٣ 94 ‚8454 -41.61 1,4584 -138.39 
‚662 6317 В 25980 8429 -41.45 1,4846 -138,55 
. 660 ρθη „5546 ‚8403 -41.30 1.5409 -138.79 
„658 ‚6309 = 223% 8378 -41,15 1.5575 -158.85 

a 656 ‚6504 -,5479 “8352  Á-41.00 125657 -139.00 ፤ 

| ‚654 „6299 ~ 5446 ,83827 -40.84 1. 5190 2 -139716 
‚652 ‚6294 35 48 ,8502 -40.69 1.6168 -1590 
Oan .6289 س‎ 79 ,8276 -40,54 14,6435 -139,46 
‚648 ‚6284 = 5346 (8251 -40.39 1.703 -139,61 
. ٥ „6279 s ,8225 -40,24 1.6971 -1 39 76 
.644 .6273 - 5141 8200 -‹ -40,09 1,7241 -1 ٢ 
‚642 ‚6267 - 5248 „8174 -59,94 1⁄2 7511 -140.06 
‚640 ‚6261 -.5215 «8149 -39.79 1.7782 -140 3 
ου... ο. = 5185 ,8123 -39.64 1,8054 -140.36 
.636 .6249 S150 .8098 -39.49 1.8326 -140.51 
254 .6243 - 5118 Ле 1.8600 -140.65 
. 632 .6236 6ه‎ ,8047 -59,20 1.8874 -140.80 
‚650 ‚6229 - 20353 ‚8021 005 111 ο -140.95 
.628 .6223 - 5021 .7996 -58,90 1.9426 -141 6 
. 626 .6216 7 -,9090 «72970 -58,76 1,9705 -141 64 
.624 .6208 -.4958 .7945 7 1.9981 -141.39 
‚622 „6201 -.4926 ‚7920 0215 2.0260 -141.54 
‚620 ‚6194 -.4894 ,7894 -58,52 2,0540 -141268 
‚618 ‚6186 - 4865 „7869 -38,17 2.0820 -141.83 
E516 6178 2,498351 7843 -58,02 21102 -141.98 
„614 611 E (7818 -37,88 201384 -142mm 
‚612 ‚6163$ - 4759 779222. 6. 2.1668 -142.27 
‚610 ‚6154 - 4738 7767 -37.59 21052 -142,41 
‚608_____.6146____-.4707_____.7741__-37,45_____2.,2237____ -14255 ЧО e. 
. 606 6158 - 4676 7716 -357,59 ο ο -142.70 
684 ,6329 =,4645 768 =37,46 212811 21502,64 
.602 .6120 -.4614 ,7665 -37.03 2.9099 — -148 1299 
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R REAL IMAG GD( UW) PHASE DB THETA 
. 600 ІТ? -.4584 76539 -36,87 2,5588 -145,15 
598 ` .6133 -.4553 614 2ه 2.5678 751 6ه‎ - 
„596 6093. -,5523 BY "۷ه‎ 2.5969 -143.42 
„594 ‚6084 - 4492 , 7563 -36,44 2,4261 -143,56 
.292 .6075 -.4462 7538 60 2,4554 -143,70 
.590 . 6065 -.4432 2512 1255 τς 2.4848 لد‎ 4 
.588 . 6056 -.4402 7487 -36,02 2,5142 -143.98 
„586 „6046 -.4372 ,7461 -35.87 2.5438 -144,13 
.584 .6056 -.4342 .7436 -35.73 2.5735 -144.27 
„582 ‚6026 -. 4313 ,7410 -35.59 2.6033 -144.41 
. 580 . 6016 -.4283 . 7385  -35,45 2.6332 -144.55 
.578 6005 ENFVLE 17559 Б 2.6632 -144.69 
.576 .5995 -.4224 217534 $599 2.6933 -144.83 
‚574 __.5985 -,4195 .7308 -35.03 2.7 DTS 
‚572 „5974 -.4166 .72838 -34.89 2.7539 -145.11 
"570 .5963 17 7257 -34,75 2.7843 -145,25 
.568 .5952 -.4108 22932. -34 64. 2.8148 -145,39 
9066 .5941 -.4079 . 7207 -34,47 2,8455 -145.53 
.564 . 5930 -.4090 .7181 -34,33 2.8762 -145,67 
„562 ‚5919 -.4021 .7156 -54,19 2.9071 -145,81 
. 560 رس‎ 7 7 2005 .7130  -34,06. 2.9580 -145,94 
E .5896 - 53964 105 555002 2.9691 -146.08 
55 .5884 - 2956 .7079 -33.78 5.0005 -146.22 

li: .5872 -.5908 . 7054 -33.64 5,0316 -146,36 
„552 . 580 -.$880 7028 -33.50 5.0650 -146.50 
.. .5849 - 5852 7003 33,57 5.0945 -146,63 
ЕВ) 758356 -.,5522 ‚6977 -33.23 5.1260 Ἐπ 
‚546 ‚5824 =,5796 .6952 -33.09 5 1) -146.91 
‚544 ‚5812 -.3768 «6926 -32.96 - 3.1898 -147.04 
.542 ,5799 570 6001 =32 02 3.2218 -147.18 
540 251701 = ን ከዓ ,6875 -32,68 5,2539 -147,32 
„558 „5774 - 2685 - 6850 25255 5,2861 -147,45 
ЕНЕ .5y60] - 56558 7778825 -32 an 375185 ἘΞ 
2534 .5749 - 3631 6799 -32,28 Ë. 55 10 -147.72 
532 5726 - 4 2.6774 -52,14 3.3836 -147.86 
„530 a =. оха) 26748 menger, 3.4163 -14799 
.528 .5709 -.3550 ‚6725 -31.87 3.4491 -148.13 
.526 .5696 Б 122246 .6697 -31.74 3.4821 -148.26 

.524 7.5682 -, 5496 .6672 -31.60 3. 552 -148.40 
‚522 . 5669 -.5469 „6646 -31.47 3.5484 -148,53 
520 .5655 -, 3443 26601 553 3.5817 -148.67 
"518 .5642 -,3416 7.6595 -31.20 3.6152 -148.80 
.516 .5628 -.5390 .6570 -51.06 5.6488 -148,94 
‚514 ‚5614 - 3364 «6544 -50,93 ግ -149.07 
9102 ,20500.. “,ጋ22356 6519 =2520,80 577464 37077 
20 ‚5586 - $342 6494 -20,66 5,720 -149,34 
‚508 ‚5571 -.3286 .6468 -30.53 5.7845 -149.47 

MEM  .2:5Ь6 .557 -.5250 /.6543 -30,40 3,8188 -9.40 
WEE 5945 -,3234 6447 «39,27 389532 -149,78 

e ከመንበረ 9928 -.3209 .6592 -30.13 7 -149,87 


OE 


一人 rr Y sheen بپ بد‎ - ር ር) لل وی سا سب‎ = > ዊመ sa 


Ν 


СБ ТИОТ РОБ РОМЕ: 


R REAL IMAG 
5500 155265 -.5183 
.498 «32499 -,5158__ 
‚496 ‚5484 se qo 
‚494 ‚5469 -.3107 
‚492 ‚5454 -.3082 
159) ‚5439 - 5057 
‚488 ‚5423 > 5032 
. 486 .5408 -. $007 
.484 25225 -.2983 
.482 „557/7 -.2958 
560 ‚5561 -.2934 
.478 „5556 -.2909 
‚476 29520 -.2885 
‚474 ‚5314 -.2861 
‚472 ος 8 -.2837 
‚470 22202 ΟΙ. 
‚468 2-6 -.2789 
. 466 2525/0 -. 2765 
. 464 9252 -.2741 

462 мо ДЫЙ - aM la ርክ 
460 50 - 264 
.458 ‚5184 -.2671 
: ‚456 . 5 167 -.2648 
P. ‚454 S150 -.2624 
452 5154 - 2601 
520 I17 _ = መመር 
.448 5100 = 2555 
‚446 5083 2555 
Са ЕН 5 Го =~. coed 
. 442 . 50 8 .2487 
.440 925 0851 ‚ 2465 
.4 58 25S TW =~ aed 4S 
‚436 ‚4996 ‚2420 
434 ‚4978 705028 
. 4 32 249610 . ~ ባህር 
~ 450 .4943 222354 
. 428 ‚49025 272322 
.426 АӨ > 
‚424 ‚48569 -.2289 
‚422 .4871 -.2267 
‚420 ‚4853_____-,‚,2246 
‚418 ‚4855 „2225 
. 416 ‚4817 22203 
ይይ 414 .4/ 9 8 7 በሪ 13 2 
‚412 47650 -, 2161 
‚410 14761 -. 2140 
408 4743 ` E 211% 
.ዓ85 4724 ` .2099 
‚ 404 ‚4705 '2078 
‚402 «4687 -:2058 


-92- 











_ -29,87 


τμ», 








Lo 5875 





ویب 














10 ) له ل‎ ( PHASE DB 

.6566 -50.00 5.9224 -150.00 
„6341 5.9572 -150 ñE 
6315 -29,74 3.9922 -150.26 
.6290 -29,60 4.0273 -150.40 
‚6264 4.0625 ፅ-150ቴ 
, 60259 -29,34 4.0979 -150.66 
6213 =ጮ ο] 4.1334 =1 50ሀህ፡፡ 
«6188 -29.08 4.1691 -150,92 
.6162  -28.95 4.2049 -151.05 
.6137 -28.82 4.2408 -151.18 
«6119 -28,69 4 _ — 21518 
‚6086 -28,55 4,3132 “151... 
‚6061 -28,42 4.5407 -151.58 
.6035 -28.29 4,5862 -151m 
.6010 -28.16 4,4230 -151,84 
.5984  -28.03 4.4598 -151. 55 
.5959  -27,90 4.4969 - 1.5224 0 
25955 -27.77 4.5341 -15 
. 5908 -27.65 4.5714 -152.35 
5857 -27,39 4.6466 "158.61 
25831 - 26 4.6845 -152.74 
os - -27.13 4,7225 -17 mo 
5781 -27.00 4,7607 -153 ٢ 
5755 -26.87 4.7990 ه1-‎ ٢ 
5730 -26.74 4.8375 -153,26 
2704 -26.62 4,8762 -153.38 
‚56679 -26.49 4.9151 .15 59M 
.5653  -26.86 4.9541 -153.64 
.5628 -26.23 4,9935 -15300m 
.5602 -26.10 5.0327 -153.90 
5577} -25.98 5.0225 -154.02 
‚5551 -25 «8b 5 „АОЛ -154.15 
.5526 -25,72 5 1520 -154,28 
.5500 -25.59 5.1901 =-T53 ال‎ 
(бао 22699 5.2324 = 1546). 
,2449 -25,34 520729 -154,66 
.5424 -25,21 5,5136 -1 S 
‚5399 -25.09 55 -154.91 
25758  -24.96 5.3955 -155.04 
«57248 -24,83 5.34368  -1 5 | 
5322 -24 7 5.4783 -19 -- 
2297 48 5.5199 -155.42 
| | 25271. n4 6 -155.54 
.5246 -24,33 5.6038 -155.67 
,2220 -24,20 5.6461 -155,80 
15195 -24 08 ፡ 5.6886 -155,92 
95169 -2305 E -156.05 
(6444 -83,0 5.7742 =456;47 
241106. ጩን. ш) 5.8175 -156 8! 








一 -一 一 一 人 一 一 一 -一 


TWO POSITION RELAY 


IMAG 


22 0o 
‚2017 
.1997 
4977 
17 





5 1957 


1917 


.1897 
72877 
.1858 
1839 
.1819 
.1800 
1 
.1762 
= 4743 
‚1724 
1706 
7 
.1669 
.1650 
.1632 
.1614 
.1596 
‚1578 
„1550 
„1542 
ከ1 
4507 
-.1489 
21472 
‚1455 
p — 31457 
‚1420 
„1403 
„1587 
247270 


—IOn n V nn —N‏ --- --- پا 





1208 


መ — m 


-.1304 
| — -.1288 
201 
.1255 
1239 
‚1224 


ΤΩΣ 


4477 
6 1 


GD ( JW) PHASE 


520093 25456 
 ,5067 -23,45 
«2042 -23.335 
«ου 25.20 


.4991 -23,08 
14966 7222.95 
.4940 -22,85 
490152» -22,71 
,4889 -22,58 | 
.4864 -22,46 
„4248538 -22,53% 
4845. WEE 00 
4787 -22.09 
,4762 -21.96 
.4736 -21.84 
Sq 711 21572 








πο ο τεσ 





4660 -21.47 
4635 -21.535 
ον Τ᾽ 


А586 = 006 .98 


«4555  -20.85 





.4507  -20.73 | 


.4482 -20.61 
.4456 -20. 4 


——  — — á— -- 


.4405 -20. E 


‚4580 -20.12 
„4354  -20.00 


‚4329 -19,88 


24504 -19.76 


.4278 -19.63 


.4253 510,51 
,4227 -19.39 


‚4202 -19.27 


2817597 το 15 


EE E 





+5100 eT ‚78 


4074 -18.66 
.4049 -18.54 
„4025 458044 
,3998 -18.30 
. 5973 -18.18 
3947 -18.06 

3922 -17.94 














3896 -17.82 


13873 237.70 
‚54845 -17.58 


-93- 






































DB THETA 
5.8606 -156.42 
5.9041 -156.55 
5.9479 -156.67 
5.9919 -156.80 
6.856 -156.92 
6.0805 -157.05 
6.1252 -157.17 
6.1700 -157.29 
6.2152 -157.42 
6.2695 -157,54 
6.5061 -157,67 
6.3520 = ን 22 
6.5980 -157.91 
6.4444 -158.04 
6.4909 "το 16 
6.5378 -158.28 
6.5848 -158.41 SI 
6.6322 = 158095,5 
6.6798 -158,65 
> (67876 2 2227 
) 6.7757 “158.90 
6.8241 -1 59, 2 
6.07282 “1509515 
6.9217 -159.27 
6.9709 -159.39 
7.0204 -159.51 
7.0702 -159.63 
7.1208 “159.76 
7.1706 98 
.- 520992135 ΓΞ 06 
7.2722 -160.12 
7.9259 -160.24 
.. ያክ 0 -160.537 
7.4269 -160.49 
7.4790 -160.61 





o geed ОШ 
7.5843 τος ο 








7.6374 -160.97 
7.6909 -161.09 
7.7447 -161.22 
7.7988 -161.34 
7.8532 -161.46 
7.9080 -161.58 


7.9632 61v 70 


8.0187 “ከ 





8.0746 -161.94 
8.1508 -162.06 
8.1874 -162.18 
е: 2443 2162:36 
8.5017 “ይሮ 





—— ~ ~ TWO ROSITIONERELCA لر‎ ٢ لگ‎ | 





THETA 











R REAL IMAG GD (JW) PHASE DB 
. 300 . 3644 -.1146 5800 -17.46 8.3594 
1298 Όρο "ы, ‚$794__-17,34 8.4175 
. 296 3600 351116 98769 -17.22. 8.4760 
‚294 13578 -.1101 ‚3743 -17.10 8.5348 
፣ 056 ë 9/18 “156708 8,5941 
‚290 29 5,5,4 ТШ 1 5692 -16.86 88 
(ena Do P2 m5 6 . 3667 -16.74 8.7139 
‚286 ‹ኃ469 75041 a 356421 δικό ATA 
«284 «4467 2102 7 56126 210 8.8354 
.282 . 3445 010015 9299091  -16.358 8.8968 
.280 ‚3422 ‚0998 .5565 -16.26 B82950606 E 
2278 . 5400 .0984 ‚4540 -16.14 9.0209 
‚276 S028 ‚0970 2925214 τς 9.0836 
.274 74455 0956 ,3489 -15,90 9.1468 
N27? „53353 ‚0942 5463 -15,78 9.2104 
.270 552510 .0928 Φώς ος οὐ 9,2745 
‚268 И .0914 .9412 -195.505 ον 
,. ο. 2 20065 .0901 οσο) τν ο 9.4042 
‚264 ‚54242 088; 25561 21-21 9.4697 
‚262 3219 ‚0874 2546 aa Т.о 
.260 25094 0.86 1 33510 ο μι 9.6025 
228 5174 ΓΟ αν Е -14,95 9,6694 
| ‚254 3128 TT ποσα دل‎ SE 71 9.8051 
WER 255105 .0809 . 5209 -14,60 9.8738 
.250 ; 3082 .0796 . 5۹1865 -14,48 9,9430 ` 
‚248 . 5059 .0783 15158 X450 TOU a6 
‚246 E56 СОЛТ? . $132 -14.24 10.717 
‚244 5016 ШЛӘЗ le ДЕБЕС 
242 2990 . 0746 ‚5081 -14.00 120522 299 
.240 2966 0733 22056 15:59 10.2976 
‚238 2943 fat A Jp 2890 ات لالا لړت موه کیلک‎ 
2756 2920 ‚0709 ποι, SEO} 10.4436 
‚234 2897 . 0697 ην, ar 10) 5125 
. 232 2873 -.0685 .2954 -13,41 1085920 
‚250 2850 ‚0674 ‚2928 -13,530 106672 
‚228 2827 . 0662 209037 219779 1977451 
226 2803 -,0650 1.2878 1306 арво 
224 2780 ..0690 2852 2-12-04 10.8968 
222 2756 270628 «9897 -12,85 10.9747 
220 2753 Salle, € 2801 -12.44 Sos 
218 2709 - 02055 „2776 do > 16217 
216 2685 -.0594 του -12.47 111217 
214 2662 RUE S "2125 E لي‎ Ου 
212 2658 UO ‚2699 -12.24 1 ጠመን 11 
.210 2614 -.0561 12674 -12.12 11.4574 
208 T2590 T9551 2648 -12.01 11.5405 
206 2567 -,0540 І 26253 πι ο 11.6244 
, 204 254 ἅ z,0539 2507 -14.77 11.7092 


_ s. 0520 ----οε Ὁ: τυ 








_ тё ον 





አይ: 219 


m 67464 


-162 98 
-~1 625166 
” 1 б - 
162 .90 





“16 
- 1 E 
„163 „58 
-1 63 ٢" 
-163.62 Í 
-163,74 
-163 6 
“163,98 
-164.10 M 
-164,22 
-164,34 
|. 7164.45 
- 16 46% 
-164.69 
ο 7164.81 
-164.93 
-165,05 








— ات‎ 65. 1/ (٢ 


-163.23 
-165,40 





-165 769 
165096 
~1 655585 
-166.00 
~ 16m - 
= 
- 1606. 5 
-166.47 
- 166804 

~1 Gia, 76 

αν. -΄ 

-166,94 
-167.06 
-167.17 














-167.41 
"1ο. - 





"το. . 76 
-167,88 


2167.99 78 


- об . 
.1ة‎ 68 23 


2168, -. 


ee е 





REAL 


.2495 
2471. 
ТІ 
.2423 
.2399 


25/5 
οδοί 


‚2327 


22503 
‚2279 
‚2254 
2250 d 


.2206 
‚2182 
22127 
219 


.2109 
.2084 
.2060 
P? n5 
ορ Τ 
.1986 
.1962 
‚1957 
τοις 
.1888 | 


1864 


«1899 
CENE Ic Μπ 
4790 
765 
ا‎ 
RG 


ΕΙ 
«1666 
«1641 
21616 
ابا‎ Ια. 
ΠΝ 
оч? 


ΠΠ 


.1492 


E16 
ΤΗ 
то 
110 
.108 


.1467 
A lw 
πι 7 

52 


©1507] 


一 一 ዊክ‏ لس کل ر نے ا سد 


.106 


.104 
.102 





.1342 
1817 


272 


-一 一 一 一 ae- 一 一 





TWO TO ον RELAY 
































İi MAG GD( JW) PHASE 
.0509 20546 Е-11,54 
.0499 „2521-1682 - 
‚0489 .2496 -11.30 
„0479 .2470 -11.19 
.0469 «2445  -11.07 | 
‚0460 «2419 -10.95 
„0450 ‚2394 -10.84 
.0440 2566 10.72 ШЕ 
(421 52343 -10.60 
‚0422 «2317  -10.49 
10313 e292 -1ϑωῦῦ 
0403 .2266 -10.25 ` 
.0594 .2241 -10.14 
‚0385 SE 10.12 
0577 .2190 -9.90 
.0368 ‚2165 -9.79 
0339 .2139 -9.67 
ој .2114 -9.56 . 
.0342 .2088 -9.44 
„0534 . 2063 -9, 52 
- 0526 2097 oO εις. 

03516 .2012 -9.09 
0510 .1986 -8.97 
7.0302 .1961 -8.86 ` 

.0294 2105 -B.74 

„0286 ОТОО с 

- .0279 .1884 -8.51 

10271 .1859 -8,40 

122: 118352 -8.28 
-.0257 .1808 -8.16 
-.0250 117835 -8.05 
-.0242 91757 oS GS 
-.0235 E1702 -7.82 
-.0229 „1706 -7.70 
-.0222 "1689 ОО 
КУ ‚1655 ANTT 

.0209 .1630 -7.35 

,0202 .1604 -7.24 

-.0196 1570 -7.12 

.0190. „1553 Ела 
0183 .1528 -6.89 
20177 „14502 -6.78 
201759 „1477 -6.66 

-.0165 1142 NN -6,55 

-.0160 .1426 3 
0194 -1401 -6.32 
.0149 1379 ο οὐ 
‚0143 ‚1350 -6.08 ` 
‚0158 1524 «5,97 

-.0132 ‚1299 ο. 


25, 





14.8560 


11.8812 


12 10567 
12.1458 
ο ουσ 
1095267 
12.4186 
lues. ደ 
1205054 
12.7004 
12,7963 
190.8954 = 
12.9915 
___ 13.0908 
JS, 1dr 
13.2928 
3, 292,6 
WSs 49906 © an 
13.6049 
OO ን 
|. 13.8194 
13.9286 
' 140393 
147715124 
14.2649 
| 14.5800 
` 14.4966 
14.6147 
14.7345 


14.9792 


15.1042 


15.2310 
120052 97 


15.4905 


15.6229 
15.7576 
| 15.8944 


LM. OSS — 





THETA 


-168.46 


-168.70 
-168.81 


SSeS, 5.6 EN 


| opus 


“Oo. US 
2169,16 


ου ας 


“169. 40 
2269 91 
1569, 7 


-169.75 


“169.86 





ος αυ 
"1/0424 
We T - 
ОЛИ р 
τοσο 
-170.68 
“17079 
2170998 





169498 . ` 


በጨ” LN 


ΠΆΓΗ 
=1 71% 26 
_ τιν 
-171.49 
-171.60 
“LAE 


ο 


SET . . | 


-171.95 


ΕΠΕ 
=172 ٢ 


29724 


7 72:5 1ه 
2172.65 
2172.76 





16.0334 
16.1746 
lO. od Ξ 


16.4642 . 


16.6126 
| 16.7637 
16.9174 
17.0739 
در‎ 
POS 
17.5611 





. 17.7298 — 


“172,568 
-172.99 
2175.194 
“173,22 | 
-173.34 
-173,45 





1735.68 





-175.ФЕ 
2174.04 


7172402 


一‏ س 


— —— - —— -ዴ 


-173.57 
-173.80 


παπάς 1 ” 

















eee ο ο ο το RE ЕТА‏ تخ 







































R REAL IMAG  0ዐ(ጋዘ) PHASE DB 

ΠΗ .1267 -.0127 ‚1293 -5,74 17.9018 -174.26 | 
ози c MOI DE . 1248 -5,60 4840773 _ -174 ER 

. 096 το ή ου. "bee SET 18.2564 -1 74:0 

‚094 (1992 -.0113 ‚1197 -5.39 18.4392 -174.61 | 
.092 .1166 -,0108 21174! -5,28 18.6260 -174.72_ -. 
.090 E -.0103 21146 -5.16 18.8169 -174.84 

.088 : 11955 .0099 .1120 -5.05 ооа -174.95 I 
086 11091-10094 «1495. -- -4.93 . 19.2118 _ -1 || 

.084 ‚1066 0090 Em -4.82 19.4162 -175.18 

‚082 ‚1041 - 0086 ‚1044 -4.70 19.6255 -175 230 
080.1015 - - (0081 1019 — -4,59 . 19.8400 . -175,41 

078 0990 -.0077 ‚0993 =4.47 20.0599 -175.53 

076 0965 -.0074 .0968 -4.36 20.2855 -175.64 

074 .0940 0070 HE -4.24 20.5172 7 اا‎ 

072 09134 -.0066 SE -4,13 20.7551 -175.87 

070 .0689 -.0062 ‚0891 -4.01 20.9998 -175.99 

068 «08664 -,0059 ,0866 -3,90 21.2516 -176.10 EE 
066 .0839 -.0055 .0840 -3.78 21.5109 -176.22 

064 ШЕН 5 -.0052 .0815 -3.67 21.7782 -176.33 

‚062 ‚0788 -.0049 0789___-3,55___22,0540___-176.45 

060 ‚0763 -.0046 .0764 -3.44 22.3388 -176.56 

058 20757 -.0043 .0738 -3.33 22.6332 -176.67 

505.6 ν.. 0712 СОО en -3.21 | 22.9380 -176.79 

.054 . 0667 .0047 .0688 -3.10 23.2539 -176.90 

. 052 .0661 ‚0054 ‚0662 -2.98 23.5817 -177 07 

020 .0636 | -.0032 .0637 -2.87 23.9224 -177.13 TEE 

048 .0610 - 0029 .0611 A/S A -177.25 

046 .0585 -.0027 .0586 -2,64 24.6466 -177.36 

044 ‚0560 -.0025 ‚0560 -2.52 25.0327. -177.48 

042 . 0534 -.0022 .0535 -2.41 25.4368 -177.59 

.040 .0509 -.0020 .0509 -2.29 25.8606 -177 09H 

. 038 .0483 -.0018 ,0484 _ -2.18 26.3061 - n 

.036 .0458 -.0017 .0458 -2.06 26.7757 -177.94 

034 8422 1119 04535 -1.95 27.2722 -178 9895 

.032 .0407 -. 0013 .0407 -1.83 27.7988 =m CI 

030 .0382 E0011 ‚0382 -1.72 28.3594 -178.28 

028 0556 0010 ‚0357 -1.60 28.9586 -178.40 

026 EDS 1. Eu . 0221 -1.49 | 29.6023 _ -178.51 =S 
024 "0305 SEO UU .0306 -1.38 30.2976 -178.62 

022 .0280 -.0006 .0280 -1.26 5 600533 -178.74 

020 ‚0255 -.0005 .0255 -1.15  J 31.8812 -178.85 

018 .0229 -= 0004 .0229 =й 32.7963 -178.97 

016 .0204 -.0003 .0204 -.92 35.8194 -179.08 

014 .0178 -.0002 0178 -.80 34.9792 . -179 90 TES 
. 012 „0193 -,0002 ‚0153 -.69 36.3182 -179.31 

. 0 0 -0127 a 0001 -0127 -.57 37.9018 -179.43 

.008 ΠΟ -.0001 |. 0102 -.46 29.9400 -179.54 E 
Ada ‚6076 =, 0056 6676 ۵ 42.3388 “199,66 

.004 .0051 -.0000 .0051 -.23 45.8606 -1 79/27 

.002 .0025 -.0000 προ BEE 51,8812 -179.89 
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APPENDIX V 


Relay With Hysteresis And Dead Zone 


Similar to the two position relay with hysteresis, this 
nonlinearity is also rather common, and also tends to stabil- 
ize a system with small oscillations, It has the additional 
characteristic of deadzone. Thus, for small signal variations 
no output voltage would be realized. In addition the 
hysteresis provides some stabilization for command signals 
with small variations, For example, assume an input signal 
which is just large enough to activate the relay. If this 
Signal then has small variations chattering could result in 
a system without hysteresis, The hysteresis allows the input 
signal to decrease by some fixed value before the output 
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A/B = 2 
It zx e 


‚ ВЕГПҮ WITH HYSTERESIS AND BEAD: ZONE 


REAL AND IMAGINARY COMPONENTS 
Figure V-2 | 


-— e 


ος 


L2 





THETA (degrees) 


RELAY WITH HYSTERESIS AND DEAD 20 
MAGNITUDE (0B) US PHASE ` 


Figure V-3 
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Mo 


0 -10 


RELAY 


220 -30 


WITH RYSTERESIS AND DZAD ZONE 


MAGNITUDE AND PHASE 
Figure V-l. 


-101- 


8.0 


-50 


— - -— 一 


. 970 
. 965 
.960 
. 955 


.,950 


‚945 





935 
930 


9-5 


"920 
.915 
1 17 
‚905 
. 900 


.880 
- ,875 
1570 
| .865 
.860 
.855 
‚850 


.940 . 


- = 


8455 Ἢ 


. 825 
. 820 


‚810 
‚805 


— ^4,B15 


1 800 ` 


.795 
2.790 


.780 
,775 
‚770 
.765 


7607 


一 一 EE ۳ ---- 


.785 


REAL 


63566‚ 
6967« 
72 
دنو يې 
7480‚ 
286 7. 
676 


є7 758° 


‚7823 
‚7883$ 
‚7936 
‚7984 
‚8026 
„8063 
‚8097 


«8126. 


0124 
.8175 
.8195 
ΙΙ 
B227 
.8239 
.8249 
.8257 
6265 
. 0267 


".8269 


.8270 
.8269 
‚8266 
"3262 
.8256 
.8249 
.8241 
BA5 
6220 
.8208 
66195 
.8281 
.8165 
. 6145 
‚813541 
„8115 
‚80935 
5072 
8050 
‚86030 
‚8007 
‚7983 
27359 


КЕСА 


IMAG 


2.5556 
-.6305 
. 6240 
25177 
«6114 
‚6052 
25910 
E0329 
«0867 
"2806 
‚27546 
‚2685 
79029 
229606 
25506 
7,0447 
«2988 
no 55] 
-.5272 
-.5214 
. 5157 
. 2100 
-.5093 
‚4986 
‚4950 
. 4874 
‚4819 
‚4763 
„4708 
‚4654 
‚4600 
-.4546 
-.4492 
-. 4459 
-, 4586 


-,4281 
=,ዓ2ረ9 
-.4177 
-. 4125 
-.4074 
-.4024 
-. 3973 
“2202805 
-.5873 
-.5824 
-,5775 
= ,ኃ>/ረዕ 
- S077 
- ,5629 


Sage 


A/B z 
GD 


‚9003 
„9395 
„9521 
.9603 
.9661 
.9704 
19737 
.9761 
.9778 
.9790 
.9798 
.9801 
.9801 
‚9798 
‚9792 
‚9783 
„9772 
‚9759 
‚9744 
„9728 
9730 
.9690 
‚9669 
„9646 
,9622 
‚9597 
„9571 
„9544 
„9515 
‚9486 
‚9456 
‚9425 
,9393 
„9360 
„9327 
„9292 
‚9257 
"9272 
‚9185 
„9148 
„9111 
‚9072 
„9033 
‚8994 
‚8954 
‚8914 
‚8873 
„8831 
,8789 
8747 


٧١۱ به‎ د٤٧٩٣‎ 


‚0 


AND DEAD ZONE 


مس ټم 


PHASE 1/GD(DB) ANGLE 
-45.00, ο £. 9121 ے‎ 105 
-42.13 .5422 -137,5 
-40.95 .4263 -139.05 
-40.03 .3520 — -139.97 — 
EES ‚2994 -140.74 
"38.58 ‚2606 -141.42 
257 97 2516 — 142.0088 
-57.40 мета -142.60 
"το ο) .1946 -1435.19 
“36.37. 188589 το. 
-35.90 1773 -144.10 
= 55.95 ‚1745 -144.55 
- 35.03 «1/47 “ሳሳ OB 
$4.61 «1756 -145.39 
254.22 ‚1850 -145.78 
-33.83 ټ‎ .1906 -146.1. 
“35.46 .2002 -146.54 
ων ΠΕΙ ‚2117 -146.90 
“52.75 ..2249 πια. 
-52,41 «24097 -147.59 
= 32.08 2560 -147.92 
-31.75 و لن‎ 278 — =o 
-351.44 2.2949 -148.56 
-31.1% , 3.3 -148.87 
-50.82  .3546 149. 1 
-50,52 ‹:52/2 -149.48 
ον ο . $5810 -149.77 
εν. 94 ‚4057. _-150,0@ 
"29700 ‚4315 -150,34 
7: ‚4583 -150.6@ 
“29.11 7.4859 -150.8%9 اا‎ 
226, 84 «2145 -151.25 
“2057 ‚5440 2151.48 
-28.31 E. 579 151.68 
-28.05 «6055 -151.99 
797.79 6375 -152.2H 
227.54 NN .6703 -152.46 8 
“27.29 .7059 -152. 7 
227.05 ‚7382 “152.95 

| -26.81 7733 -153.19 
“26.57 ‚8091 “155. 48 
726.353 .8457 -155. 58 
-26.09 8829 _ -153.91 
=25.86 ‚9209 -154.14 
-25.63 ‚9596 -154.37 
zo "a 9990 -154.60 اا‎ 
ጅረ ማርነ 1.0390 -154.82 
-24.95 1.0798 4159, 05 
“24.73 1.1212___-=-155 29 
-24.51 1.1653 -155.49 





E سر کپ‎ RE CA AAST ERES TS TARDa DEA Daa ON Ermua mm ае 














A/B = .0 
R REAL IMAG GD PHASE 1/GD(DB) ANGLE 
PAP. 7933 „8581 .8704 "edes0 . 2060 . o5 js 
«745 «7907 -.3533 .8660 . -24.08 1.2495 -155.92 
«740 «7880 -.3486 ‚8616 -23.87 1.2955 -156.13 
NUS — 2852 -. 5459 «8572 Зоб 305 _— ن‎ 1ο > M 
.730 .7824 -.3395 .8527 -23.44 1.5857 -156.56 
.725 ,7794 -.3346 . 8482 -23.23 ο; 156.77 
toen. . —.7765... 3300... 8437 sede. . led/64. 156.97 ШЕ 
ده‎ 2734. — -.3255 . 8391 -22.82 1.5237 -157.18 
.710 .7703 -.3209 .8345 -22.62 155717 — 159938 
BAS — 7671 -.5164 «8298... 2200.41. «μοι - 2154459 ШЕ 
«700 «7659 -.3119 .8251 221 1.6697 00695 
8695 .7606 -.3075 8204 “22,013 197196 05 
MB 579 — 3031 «8156 201.82. 402 απο... 
«685 7238 هې‎ 7 «8108 së? 18215 3158.30 
. 680 7203 -.2944 .8060 300. 42 1.8734 -158.58 
EK ` — 27468 242901 .8011 221.25, 2::149060 سو اي‎ "٢ل‎ 
| „670 „7432 -.2858 ‚7962 -21.03 1.9792 «158.97 
x .665 . 7395 22805 .7913 -20.84 2.0331 -159.16 
We, 27336 =, 2273 .7863 220.65 208 77_ Бер e = 
«655 17321 "лз: «7814 -20.46 2.1430 -159.54 
«650 .7283 7.2690 «7765 220.27 2:4:969.- =459.,,2#3 
«645 «724. -.2649 «7713 -20.08 222555 6 
.640 «7205 -.2608 “7662 #990 245128 «i60da 
«635 ‚7165 -.2567 «7611 827. 7 1 2.3707 -160.29 
θᾶ). 25 742527 560... 549.53. 24094 دو‎ JE NN 
| «625 «70859 -.2487 «7509 -19.34 2.4888 6 
«620 «7044 -.2447 .7457 se 6 2.5489 -160.84 
ЕЕ 165.-.--.70202 -.2408 7405 710.98. . 248096. 161502 sn 
- 4630 ‚6961, -.2369 .7553 -18.79 206712 ^ -Y64421 
‚605 ‚6918 -.2330 „7300 BEE 2.7334 -161.39 
EMEN 6001. 6875 egen 7 46.44 ,0:4964 πο Ρ 
.595 .6832 .-.2254 .7194 -18.26 2.8601 -161.74 
.590 .6789 =.2216 .7141 -18.08 2.9245 -161.92 
E .585 76743 -.2179 .7088 717,90. 249897 ` 160 1 ګر‎ 
«580 «6700 -.2142 «7054 “27775 5.0557 -162.27 
.575 ‚6655 Е 790405 .6980 56967, 222 3.1224 5 
ү 8-2. 20670 -.2068 ,6926 -17.38 3,1900. د5 پټ‎ 8 ЕЕ 
«565 «6565 -. 2059 «6872 -17.20 3.2583 -162.80 
.560 "oni -.1996 ‚6818 “37.03 3.3274 -162.97 
Ж ٢٢ _..555 .6472 ει «6765 -16.86 5.3973 -165.14 . 
.550 .6426 =. 1926 .6708 -16.68 5.4681 -163.32 
‚545 ‚6379 “.1891 #6655 $6.51 3.5397 -163.49 
E 5490. «6651 -.1856 «6598 -36.354 واک دد لف‎ 46 
.535 .6285 -.1822 ‚6542 246.17 3.6854 -163.83 
. 550 «6252 -.1788 ‚6487 -16.00 3.7596 -164.00 
ሺ. 6187 -.1755 «6451 15ے‎ . 63 5,8546 -264.37 — 
«520 ‚6138 -. iA ER «6375 “15.67 3.9106 3 
‚515 ‚6089 -.1688 16319 -15.50 3.9874 -164.50 
E 519 6040 -.1656 ‚6262 -45.33 4.0652 164,67 Ἢ 
.365 ‚5990 ".1624 ,5208 "15.17 4.1439 =164489 


-103- .—. o 


ON -- 2 202 


IMAG 


224504 
-.1560 
-.1529 
= , 1498 
-. 1467 
«1466 
‚1406 
43/7 
01547 
si 8 
‚1289 
1264 


15 
.11 
1 30 
113 
» 1096 
. 100 
.1044 
‚1019 
, 0993 
0996 
‚0944 
‚0919 
.0895 
70842 
0848 
QUSE 29 
2080? 
. 0700 
. 58 
. 07380 
074 
‚059$ 
«0672 
. 0652 
. 0632 
. 0612 
. 0322 
‚0573 
05524 
‚0535 
ዴሬ 
. 0499 
.0481 
«0464 
«0447 
. 0450 
‚0414 


еі 4 @ € 13 @ ፥፤ 51 1 1 1 


- — 


A/B 5 


61253. 


„ры 


GD 


6149« 
6092« 
6055 
psy 8‏ 
5921‚ 
5864‚ 
9806« 
5748‚ 
5690‚ 
2632‚ 
574 
2516 , 
2458. 
7 م, 
2540 
2981« 
5 72802 
د موه . 
5104‚ 
2045‚ 
4986‚ 
4926‚ 
4666 . 
4807« 
47547‚ 
46987‚ 
4627‚ 
4566 . 
4506. 
4446 . 
4385 . 
4325 
42664 . 
4203. 
4442 
4081 . 
4020 . 
5959« 
5898‚ 
$837 
313775 
5714‚ 
565‚ 
NOD‏ 
15529 
3467 . 
5406‚ 
5344‚ 
5282‚ 
2220‚ 


. 0 


RELAY 1.6: ኢኤ።ክ።ር፣ ٩٤5 5, 


— ጨመ 


AND DEAD ZONE 


PHASE 1/GD(DB) ANGLE 
15.00. , 49.2235... -165 0M 
-14.84 4.3042 1652018 
SEO 07 4.5858 - 165909 9 
14.91 . :4.,4684 TORR] 
-14.34 4.5520 -165.66 
eque, 28 4.6367 - 1655 8? 
“14.02. 4.7224 effek 
"46, 816 4.8092 -166.14 
"13.69 4.8971 = 166.54 
-135.53- 4.9861 . - 3106. 57 
“13.87 2.0763 -166.63 
μή ὁ ΘΗ 5.1676 “166.79 
"19.05 | 05.2601. -1866. ΝΠ 
“42 289 5 235,58 "167.48 
820755 5.4487 - 160.027 
-12.58, 1.5.5449 ዣፓ 165. ΙΝ 
= 1 2 ος 2.6424 -167.58 
«Na 26 5.7412 -167.74 
Su TO 5.8414 -167.90 
21١١ 75 5.9429 "168.05 
"іс በረሪ 6.0458 "468. 3 
“11 аб 6.1501 ο. 
- {8 6.2560 1668 3577 
= 49502 6.3633 -168.68 
و‎ 6.4722 2 D 
ти, 01 6.5826 -168.99 
-10.86 6.6947 -169.14 
=й ጩ/ ሀ 6.8084 16690 
OOS 6.92359 -169.45 
-10.40 7.0410 -169.60 
410.24 7.1600 -169.7645 
-10.09 7.2808 -169.91 

29,94 7.4036 -170.06 

- 9479 7.5282 -170.21. 

“9.68 7.6549 -170.37 

"9 хав 77007 -170.52 

“9,53 7.9145 -170. 072 

7.16 8.0476 -170.82 

“9.038 8.1829 17.0 497 

29.59 8.5205 = 171% 1а Ж 

48,75 8.4606 -171. 

-8.58 8.6031 -171.42 

“8.43 8.7482 25171494 

-8.28 8.8959 ατα 

-8.15 9.0464 -171 487 

-7.98 971997 53172 ]02 

“7.83 9.3559 πα ο 

-7.68 9.5152 -172.32 

27,544 9,6777 =172.46 

-7.39 9.8434 -172.61 


πα 





ROCA Vos ЫТ ТЕВЕ „АМО РЕА В ZONE. 








А/В = ,0 
R LENT IMAG GD PHASE 1/GD(DB) ANGLE 
ሺ ስ ok ፍረኡ...” 0259 158 ελ 2 104425 ——-172 δω s 
«945 5072 -.0382 23096 . O9 100552 11 
.240 «30414 -.0367 EIER 26.94 1063615 =173,06 
235 ‚2950 -.0352 ‚2971 ګل 2ک 1 7 1 ا ف‎ 
«250 ‚2889 -.0337 .2909 "6:65 10 د51‎ ጋሼ وک‎ 
.225 .2828 -.0322 .2846 -6.50 10.9882 -173150 
66፡66 ፡0.. ..2767 -.0308 .2784 -6.Sn-.— 1141069. سي اس‎ 7 
215 2705 -.0294 ር ያረ -6.21 11.5041 -173.79 
‚210 ‚2644 -.0281 ‚2659 -6.06 11.5061 -173.94 
. 205 ‚2882 -.0268 ,2596 ማቲ መ 1, ο. E 
«200 Y 21 -.0255 .2534 ο; 1199253 AS 
‚195 ‚2459 -.0242 „2571 -5.62 12.1430 -174.538 
11 ο) -.0250 .oM0B 5. 482 12 5665 ЕНЕ 
‚185 ‚2535 -.0218 .2345 55,55 12,5900 — 1798 
«180 22875 -.0206 .2282 -5.19 12.8320 -174.81 
| 1.75 . 1 -.0195 «2220 54:04 od 5 OAT ا‎ T 
#170 «2149 -.0184 77 -4.89 13.3246 -175.11 
መሠ .2086 -.0173 .2094 2475 15.565; -TRE 
Ш Ж 460 _ _..2024 -.0163 .2031 -4.60. 13.8475 . -175.40 |. — 
.155 .1962 -.0155 .1968 -4.46 14.1215 -175.54 
81 20 .1899 -.0143 .1904 -4.31 14.4046 -175.69 
MN. à -—.1856 -.0154 ‚1841 -4.17 14.6975 2175.83 = 
140 ‚1774 -.0125 .1778 -4.02 15.0007 175.98 
‚135 S ker -.0116 . 5 -5.88 15.3951 የሮይ ህሮ 
ei 30 .1648 -.0108 „1652 = See? S15 eg e 
‚125 , 5 -.0099 . 1508 -3.59 15.9807 ۴۹ 
«120 ‚1522 -.0092 : 1805 -3.46 16.3339 -176.55 
ШО ας. 1459 4 ‚1462 25.50 16-70235 S 
.110 .1996 -.0077 .1398 53,16 17.0872 -176.84 
.105 55% -.0070 ‚ 1465 -5.01 17.4901 -176.99 
EK «100 E1270 -.0064 41272 -2.87 17.9127 = ٥ ات‎ 
‚095 ; 18097 - . 7 .1208 “2.73. 1805572 7 ይ 
. 0 .1144 -.0052 eb -2.58 18.8258  -177.42 
085 .. «1080 -.0046 . 1.081 -0.44 19.3013 — -177.59 5 — 
.080 .1017 -.0041 511048 -2.29 19.8470  <177.7% 
.075 ‚0954 -.0036 ‚06954 -2.15 20.4067 -177.9% 
070 ‚0890 -.0031 .0891 2.01 205 سم‎ 177 97 9 
‚065 ‚0827 -.0027 ‚0827 -1.86 21.6481 -178.14 
. 060 .0763 -.0023 ‚0764 -1.72 22.3427 -178.28 
E «055 .0700 -.0019 ‚0700 1.58 سب 2.0979س‎ 2478 XD መመ 
. 050 «0656 0016 . 0636 -1.43 23.9251 °178.57 
‚045 30573 -.0013 πος -1.29 2448398 -178.71 
1 . 040 .0509 -.0010 .0509 -1.15.. 25.8624 2178.96 
1035 . 5 -.0008 ‚0446 -1.00 27.0218 -179.00 
‚050 „0582 -.0006 0382 -.86 28.3604 -179.14 
.. መረጋ .0318 -.0004 .0318 =. 72299437 0 
. 020 ‚0255 -.0003 . 0255 -.57 31.8817 -179.43 
‚015 . 0191 -.0001 .0191 ' -.43 34.3802 1795 
«ολο WEEK -.0001 7 -.29 37.9019 _ -179.71_ 
TI 0964 e, DO DO ‚0064 ١ 2,ሴ4 65,0884 5476.68 


R 


E000 


‚995 
‚990 
‚985 
. 980 
. 975 
70 
‚965 
. 960 


E9593. 


. 950 
.945 


2 940: 


P X895 


. 935 
. 950 
E. هل‎ 
920 
0915 
‚910 
‚905 
.900 


. 890 
‚885 


8. 


n —‏ س 


— 


‚875 
.870 
. 865 
«860 
‚855 


-,650 


„845 
.840 
.835 
.830 
.825 
.820 
.815 
.810 
.805 _ 
.800 
‚795 
‚790 
‚785 
. 780 
.775 
E 
‚765 
‚760 


— —— 


-一 一 一 一 -一 -一 -一 -一 一 


«755. 


REAL 


‚6258 
‚6840 
.7 567 
72350 
959 
‚75467 
.7559 
.7639 
"7709 
ef 17% 
7 8ο 6 
78 72 


Αι οἱ. 


‚7958 
‚799$ 


.8025_ 


28052 
8077 


8098 ` 


τιν 
.8135 


EB qu 


.8159 
.8168 
.8176 
.8181 
.8185 
.8187 
. 87 
‚8186 
.8183 
.8179 
.8173 
‚8166 
‚8158 
‚8148 
88137 
‚8126 
„8112 
8098 
‚8083 
6067 
„8050 
‚8031 
‚8012 
.7992 
.7974 
‚7949 
‚7927 
‚7903 


IMAG 


= 5095 
= ,- 9042 
ZS 4992 


- = чм 


А/В = 


-.4941. 


-.4891 
-. 4842 
-. 4792 
-.4743 
-.4694 
-. 4645 
‚4596 
‚4548 
. 4500 
.4452 
.4405 
.4358 
‚4311 
‚4264 
-.4218 
.4171 
WES 
‚4080 
‚4054 
. 3989 
. 3944 
‚5899 
5825 
Poal 
"9767 
4907 2 5 
. 5680 
855937 
20594 
5991 
2909 
‚4466 
‚3425 
. 5553 
. 3342 
د.‎ 3500 
. $260 
,oe19 
αν 
ΠΕ 
«9099 
5029 
0020 
20997 
.2942 
‚290$ 


-106- 


GD 


5 ه. 
8498. 
49992 
8757‚ 
8857. 
8899. 
8950. 
8996« 
,١ 6‏ 
WIER‏ 
9076« 
9094« 
9109‚ 
941109« 
9127 . 
9151‚ 
9154‚ 
9153‚ 
9151‚ 
9126‚ 
9120‚ 
2214,2 
9102. 
9090. 
9077‚ 
9063. 
9047. 
9030 . 
9012. 
80995« 
2 . 
8951‚ 
86928‚ 
89009„ 
8880. 
755255 
27 
868802‚ 
86774‚ 
87450‚ 
86716‚ 
5685" 
8654« 
8623 
8591“ 
85535 
06524‚ 
8490‚ 
8455‚ 
8419‚ 


‚2 


RELAY. WITH ЕКЕ ЗИ 


س 


AND DEAD ZONE | 


PHASE — 1/GD(DB) 


- 39.5 
- $56.39 
85 سي‎ 
-54, 535 
-35.61 
“32.96 
280.4 59 
- 3 65 
31 4 
паи 
- 30.43 
-50.01 
-29.61 
“29 2 
«εἴθ 86 
-28.50 
-28.16 
27 . 8 
307 . 
“487 20 
26.89 
320.60 
726.54 
-26.03 


> Am 


-25.48 
-25.22 
-24,96 
-24.71 
-24.46 
-24.21 
-23.97 
-23.73 
-23.50 
385.27 
-23.05 
-22.82 
-22.60 
-22.39 
-22.17 
-21.96 
-21.75 
-21.55 
-21.34 
s“ @ds. 14 
-20.94 
-20.75 
-20.55 
-20.36 
-20.17 





-— ው 


ዓ - ሯ፦-ሙ፦ ሥሥ፦፦-ሁ.‹ጨ.መ=፦ ው I a 


—M € 





ANGLE 
1.8812 ._ 140587 
1.4158 -143.61 
8257 7 -144.76 
νι ο μα 145.65 а 
1.0743 “146.39 
10426 -147.04 
2: 91065, 147.63 
‚92353 - $8. 17 
.8905 -148.66 
.8637 -149.13 
.8420 -149.57 
. 8246 -149.99 
8111. τα... 
‚8009 -150.77 
7937 -151.14 
=, BOR = 16፡7 02) 
‚7872 151.99 
‚7875 -162.17 
.7898 -152:.49 З 
. 7941 -152.80 
‚8003 - TOR 
— i804 -153.40 
.8175 -153.69 
. 8285 -153797 
ο 8400 -154.25 
. 8546 -154.52 
«8697 -15%, 75 
.8860 -155.04 
9035 - 16575 9 
‚9221 -155.54 
‚9419 155.09. 
. 9628 -156 20 
«9846 “156.27 
1.0076 - 156.50 اپ"‎ 
1.0314 -1956.753 
1.3 -18693 
1.0821 -157 015 
ጋ 7 -157.40 
1.1365 “157 som 
1.1648 -157.05 E 
1.1941 «158.604 _ 
1.2242 “158.25 
1.2552 -158.45 P 
1.2870 -1586.66 
1253195 -158.86 
10056590 -159.06 22 
ОСУ 2 -159.25 
1.4221 =159.45 
1.4579 -159.64 Ἢ 
1.4943 -159.83 
κας — 8 





1645 _ 


‚640 

' 655 

‚650 

‚625 

‚620 

E .615 

«610 

‚605 

E —.600 

«595 

590 

505 

‚580 

575 
١770 . 

965 

.560 

ЕЕ 555 

.550 

.545 

. .ጋዓ0 

0535 

.550 

1 «565 

.520 

.515 

.510 

.505 


eee ee 


REAL 


"72879 


| .7854 


‚7828 


“78901. 


42774 
‚7746 


Sli. 


2/5057 


ው ከ መሠሪ: 


22699 
. 7563 


7750... 


‚7497 
‚7464 


1 7 


‚759$ 
7258 


m. ue 1 


#2065 
‚7248 


Taea 


v7 1 
7135 
„7094$ 
‚7054 
. 7015 
. 697 3 
6952 
‚6890 
‚6848 
‚6805 
26762 
6719 
7» 
6641, 
.6587 
6242 
«6696 
د‎ 1 
‚6405 
‚65358 
ου 
«6669 
„боло 
‚6168 
‚6120 
‚6072 
‚6024$ 
2997.3 


IMAG 


«ae 2865 


= 2 827 
-.2789 


= ‚2714 


ο 207 


= . 6۹0 


-. 2604 


9200641 


-.2496 
-.2460 
0429 
.2590 
25 
221 
‚2286 
‚2252 
„2210 
. 2105 
‚2152 
ne T 
“2086 
‚2054 
“20 24, 
.1989 
21958 
10726 
"1895 
«1864 
‚1853 
.1803 
1775 
«1745 
Са 
21554 
216259 
82526 
.1597 
. 15069 
21251 
-.1513 
-.1485 
8ه‎ 
-.1451 


-.1404. 


ОИ 
-.,13551 
«13525 
-.1299 


a7 2 
GD 


‚85385 
‚8447 
‚8310 
8272 
‚82354 
‚8195 


۳ -ھظ36 3 


4,8116 
.8076 
‚803550 
. 7994 
79549 
.7911 
.7868 
.7826 
7/782 
27 7150 
7695 
«7650 
1660 5 
‚75060 
2515 
~ 7469 
‚7622 
.7376 
oes 
‚7282 
«7264 
«7186 
‚7158 
7089 
«7040 
‚6991 
. 6941 
6892 
‚6842 
‚6791 
207431 
‚6690 
6639 
.6587 
.6535 
«64864 
«6461 
‚6379 
„бого 
‚627$ 
‚6220 
256167 
6115 


_-107-_ 


RELAY WITH HYSTERESIS AND DEAD .ZONE 


一 一 一 一 一 -一 一 一 











PHASE 1/GD(DB) ANGLE 
-19.98 |. 1.5316 | -160.02 WE 
-19.80 1.5695 -460.20 
-19.61 1.6083  -160.39 
-19.45. 1.6477.  -160.57. ګل‎ 
-19.25 1.6879 -160.75 
-19.07 1.7288 855 
“18.89 . 1.7705 -161.11 
-18.71 1.8128 -161.29 
-18.54 1.8559  -161.46 
-18.36 1.8998 - -2613,64  - 
-18.19 1.9443 -161.81 
-18.02 1.9895 -161.98 
-17.85 250355 لکي-‎ 62:1 ٤٢ اا‎ 
-17.68 2.0822 2 
-17.51 2.1296 -162.49 
212.35. 2.1778. 9 2 0 NN 
-17.18 2.2266 2 
-17.02 2.2762 -162.98 
-16.86 2.3265  -163.14  — 
-16.70 2.3775 -163.30 
-16.54 2,4293 -163.46 
215. 38_ 24,4018, 2165 6... 
-16.22 24585177 CONES 
-16.06 2.5891 -163.94 
21591. 2,6458 O 
-15.75 2.6993 -164.25 
-15.60 2.7555 -164.40 
-15.44 2.8125 Ἅ-164.56 . 
-15.29 2.8703  -164.71 
-15.14 2.9289  -164.86 
-14.99 2.9882 -165.01 
-14.84 3.0483 -165.16 
-14.69 3.1092 2-165/0 
-14.54. 51709. «όρια ٢ 
-14.39 3.2335 -165.61 
-14.25 3.2968 -165.75 
-14.10 3.3610 | -165.90 
-13.96 3.4260 -166.04 
-13.81 3.4918 -166.19 
-13.67 3.5585 Eo. NM 
-13.53 3.6261 -166.47 
-13.38 3.6946 -166.62 
-13.24 3.7639 . -166.76  . 
-13.10 3.8341 -166.90 
-12.96 3.9052 -167.04 
-12.82 3917 3 Ee 
-12.68 4.0503 923 
-12.54 4.1242 6 
-12.40 4.1991 -167.60 
-12.27 4.2750 -167.73 


一 = 一 一 


一 -ጨ 9 اه کلم‎ 一 -一 一 一 一 一 


——— 


REAL 


209725 
‚58754 


„5464 
‚5411 
‚5359 
‚5306 
556 
,5199 
,5145 
.5091 
9037 
‚4982 
‚4927 
‚4872 
,4847 
E4761 
,4706 


2.4650 


‚45954 
‚4537 
‚4481 
‚4424 
‚4567 
‚4510 
‚4255 
74195 
.4137 
. 4079 
‚4021 
59653 
.$909 
, $846 
5767 
‚4728 
285069 
. $610 
"5551 
‚55901 
"5431 
22:29 4. 
11 
«$251 
«$191 


መር ለኛ ዘ] KEE 


IMAG 


=,4ሪ/3 
-.1248 
3 
1198 
21279 
‚1149 
74125 
ШІ 07 
۵8 
4ه‎ 
-,1051 
-.1009 
=,0956 
‚0964 
20942 
.0920 
‚06898 
70877 
20:556 
. 0855 
20515 
20795 
E0775 
759 
-.0755 
9716 
298597 
270679 
. 0660 
.0642 
.0624 
‚0606 
‚0589 
5/2 
2015-28 
(ከጋሼ. 
‚0522 
“0505 
WEEK 
‚0474 
‚0458 
‚0443 
.0 4 ὁ 8 
‚0414 
‚0599 
“0585 
ሸን 
0326 
‚03544 
-. 0331 


сег т 9 a. 


ዩ 4 14 f 


-— _ — ， 


А/В = 


GD 


‚6059 
‚6005 
‚2951 
‚5896 
‚2841 
225 7:8:7 
"9731 
"5676 
15621 
‚2565 
"2509 
.5453 
19396 
«5840 
22535 


, 5227 


-109 


9170 
25112 
22055 
. 4998 
. 4940 
. 4882 
‚4824 
‚4766 
‚4708 
‚84649 
25591 
‚2552 
‚4475 
4414 
04555 
. 4296 
696 
4177 
«4117 
‚4057 
. 5997 
5937 
ον 
229470 
"5756 
. 5696 
.5655 
ΕΘ 
‚5514 
5423 
‚5592 
‚5351 
‚3269 
‚5208 


‚2 


A EE EE RENE EE سس‎ — 


DEAD. ZONE ке 
PRASE 1/GD(DB) ANGLE 
42.13 )م‎ 9. "167.58 
“11.99 4.4298 “168.03. 
"Dd 86 4.5087 ” 1-68. 1@ 
211.72 4.5886 168.28 
ፍጭ 59 4.6696 -168.41 
-11.45 4.7516 -168.58 
711.52. 4.8348. -168,6% 
=]. 19 4.9191 -168.80 
$21.05 5.0044 -168.95 
“10.92. 5.0910 ἵνα, 
“10% 79 21217809 -169.21 
-10.66 5.2676 -169.34 
-10.53 5.35578. — s R 
-10.40 5.4491 -169.60 
“10.27 5.5418 169.79 
“10.14 5.6357 On 
-10.01 5.7309 -169.99 
“9.88 5% 8275 -170.12 
“9.75 5,9255 721171 
=Эк 62 6.0249 =17 0.38 
-90,49 6.1257 «170.55 
395 57 6.8280 το. 
ο 6.3517 -170.78 
- 9 11 6.4371 -170.89 
-8.99 6.5439  ።1/1.10. 
οτος 6.6524 1⁄1 Ha 
290574 6.7626 -171.26 
-8.61  6.8744 n171 . ` 
“8.49 6.9890 "471... 
“8.36 7.143 -171.68 
-8.24 7.2205 -171.7 08 
=9 11 7.5596 -171.93 
-7.99 7.4606 -172.08 
7.87] 7.58355 -172.1 
„7.74 7.7085 172.28 
-7.62 7.8356 -172. 358 
-7.50 7.9648 -172.50 
ο. ὁ 8.0965 -1/72.68 
25 8.2300 -172.7 
“7.15 8.3661 -172.80m 
“7.01 8.5046 -172.99 
-6.89 В. 6452 -175.10 
-6,77 — 8.7893 ЖЕНЕ 
-6.65 8.9356 -175.35 
25:5. 9.0846 -175.49 
-6.40 9.2366 2173,6! 
“6.28 9.5915 173.72 
-6.16 9.5494 -173.84 
-6.04 9.7106 -173.96 
“5.93 9.8750 -174.07 


| 


LJ 15 


መድ LL 


е амь. 





EE .255. 





EE -ረር:20 


245 
‚240 


. 250 
225 


ЕЕ م٥0‎ 


«090 
«085 
«080 
1075 
‚070 
«065 
«060 


«050 
«045 


«040. 


% 055 
% 050 


ЕЕ - 025 


۰ 0 0 
.015 


p 010 


«005 


En .055 1 


4524 
70 د . 
$009 
9 294 — _ 
2888. 
2827. 
0269 
2704. 
2645 . 
2581. 
2520. 
2458‚ 


«Ὁ ὁ ὁ ἃ 
EES 
0 
‚2148 
‚2086 


Е 22424 


‚1961 
‚1899 
_.1836 
ወያን 
үле 
,1648 
,1585 
‚1522 
‚1459 
‚1396 
و‎ 
‚1270 
EM 
,1143 
,1080 
1017 
‚0954 
‚0890 
‚0827 
‚0763 
‚0700 
‚0636 
.0573 
‚0509 
‚0445 
‚0382 
‚0318 
‚0255 
‚0191 
‚0127 
‚0064 


IMAG 


2 055088 
- ORS 
οσον” 
«020 
-. 0269 
, 6 
O7 
, 0095 
. 2د‎ 


. 02:94 
.0184 
.0174 
. 0165 
.0196 
. Ü 48 
‚0159 
. اه‎ 60 
v0122 
06:15 
203007 
. 0 
. 0093 
-.0086 
‚0080 
-.0073 
. 0067 
-. 0062 
-.0056 
-.0021 
-.0046 
"DUST 
-.0057 
-. 0053 
=,00ረ9 
2 007 
e, HU ée 
-.0019 
-,0015 
-,0015 
=, 00% 
~, 0008 
-.0006 
-.0005 
-.0003 
-.0002 
-.0001 
-.0001 
”,0000 


የ1 ፥ 5 1 ? 1 1 የ 1 ፥ 3 6 1‏ 4 هم 


1 


‚0214. 


A/B = 


0827 


.0255 
‚0191 
‚0127 
‚0064 


-109- _ 


‚2 


— — پاټ ې‎ = — + —- X — =. X J n tea ee ee s wÑ — 


RELAY WITH HYSTERESIS.AND.DEAD ZONE 


-— 


— | 


-— - 
— ር — — — e 


-174 بضغ وټ‎ eee 


“174 JD a p 





2129 ۰ 0115757 "( 


=179.08_____ 


一 一 一 一 -一 一 一 一 


PHASE 1/GD(DB) ANGLE 
29782 009 
-5.69 10.2143 -174.31 
ΘΝ 10.5895 -174.43 
MS. .ሑ. በ ሠል 
-5,33 10 515 -174.67 
καν 10.9387 -174.79 
سوت سي 113085 0 9م-‎ . 
-4.98 11.3265 -17502 
-4.86 11.5274 -175714 
~ 4, 7@* 11.7854 =175 226 
- 4.62 11.9446 - 17596 
-4.51 12.1604 = 1 /2፡62 
4 νο 12,889 72561 
“4.27 12.6125 - 179075 
- 25 12.8476 1798995 
24504  135e0894. = 1 ο | 
=%-г92 13.5385 - 176 98 
-4700 15.5951 -126.20 
290009. 1 15:82 96 1 δα... 
-35.57 14.1598 “4176. 49 
ዜብ 44.4154 e 
mo zm 14-7076 17666 1 - 
-5.22 1 501 176998 
=e 15.5258 -176.89 
22999 15.6495 
-2.87 15.9882 =177 25 
-2.76 16.3408 -177.24 
22 264:---,16.7 006» = ЛЛ .:. - . 
=2 TS 17.0930 -177.47 
-2.41 17.4953 “177.59 
2230 24912527 μυ... 
- 6ج‎ 18 89 -177.82 
-2.07 18.8297 “177 aes 
51, 22. 19.590808. δω. 
9 24 19:5500 -178 6 
-1.72 20.4094 -178.28 
-1.61 21.007 5 1ος -.. 
-1.49 21.6502 -178 5 
5 22,5444 -178 60 
= 06 23.0993 178.74 
-1 5 25.9263 17895 
-1 839 24.8407 -178.97 

5,92 25,851 

O Ü 27.0224 -179.20‏ ع 

-.69 28.5608 -179731 

-.57 29.9440 -179.43 

-.46 51.8818 -179.54 

-.ᾱ4 34.5803 -179.66 

“,23 37.9020 1798927 

=> йб 43.9225 179.89 


1.000 
«995 
. 990 


.915 
. 905 


. 895 
‚890 
‚885 
‚880 
ο; 
.870 
. 865 
«860 


«850 
«845 
«840 
855 
e HAD 
. 825 
‚820 
‚815 
‚610 
sts 
.800 
ε 795 
«290 
1785 
. 780 
ED 
770 
‚ 765 
«760. 
του 


— 


REAL 


42932 
‚6444 
. 6726 
‚6846 
26981 
‚7095 
| 7 35 
‚7278 
‚7356 
‚7422 
. 35 
7 285,7 
i28 
· 7664. 
7 7 
‚7708 
‚ A, 
„ТЕА. 
‚7798 
δες 
‚784$ 
, 7862 
270709 
.7892 
79702 
‚ 79/1 Ээ 
. 792 
. 7930 
07939 
. 7 9:59 
8719159 
. 7940 
; 73358 
7956 
ТІСІ 
(792906 
ም 919 


8277912 


‚7902 
‚7892 
‚7881 
‚7869 
‚7855 
‚7841 
‚7825 
,7809 
,7791 
,7723 
,7754 
,7734 


RELAY WITH HYSTERESIS 


| 
C 
э 
IA 
ራሩ 


~, 5668 
‚5651 
245094 
«55535 
= 65 20 
. 5484 
5447 
S411 
075 75 
. $3539 
‚5504 
- 32508 
(S255 


1 1 1 $ ome 35 6 | ! 1 
ο 
к 
C^ 
с! 


è 3 1 1 1 1 4 84 |» 1 
ቢን ቢን ኪን ኪን ቢን ከቢን ኪን ር οἱ ርታ 
"dl LD O O vi wä MA CH CH CH 
ON U xO ο οἱ) ን ኪን ርም ሂን 
ኪን “л Сок» л O ከን ው ር2 #۸ھه‎ 


85 1 1 ντι f ۸ 3 ¢ 
ቢን ቢን ኪን ኪን ኪን ኪን ኪን ቢን ቢን ቢን 
ፋሬ 4» Ul Ul Ui O Oh Ο LP мМ 
NOW WO GO ኣፓ ከቢን 
\л Мп С^ сы Oo حم‎ Gol MI zl 


1 
0 
CA 
Co 
I 


-110- 


A/B s 
GD 


«6974 
. 7471 
‚7654 
. 7784 
‚7886 
.7970 
.8041 
“614 04. 
‚8153$ 
.8199 
. 9 
«8075 
‚8304 
‚86330 
‚86353 
‚837$ 
.93589 
‚8403 
.8415 
.8424 
‚8451 
‚8436 
‚8439 
«8440 
. 8440 
‚8438 
.8454 
.8429 
‚842$ 
284015 
»8405 
.8995 
‚83863 
.8370 
. 86357 
. 8542 
‚6325 
‚8508 
‚8290 
‚821 
25291 
EEN 
‚86209 
‚86186 
«81656 
5235 
«8114 
«8088 
«8066 
‚8034 


. 4 


ANDZBEADCZONES-— — 





PHASE 1/GD(D8) ANGLE 
-$3.21. 3.1306  -146.79. 
-30.41 2.5319 -149.59 
-29.28 2.3218 -150.72 
-28.48 2.1756 -151.57 
-2% 72 2.0626 -152.28 
-27.10 1.9708 -152.90 
-26.55 1.8942 -153.45 
-26.05 1.8292 -153,95 
-25.58 1.7733 -154.42 
-25.14 1.7249 -154.86 
-24,74 1.6829 -155.26 
-24.35 1.6464 -155.65 
-23.98 1.6146.  -156.02 
-23.63 1.5870 -156.37 
-23.30 1.5632 -156.70 
-22.98 1.5428 -157.02 
-22.67 1.5255 -157.33 
-22.37 1.5110 -157.63 
-22.08 1,4990 2157.92 
-21.80 1.4895 -158.20 
-21.53 1.4823 -158.47 
-21.27 1.4772... 1957 ۲ 
-21.01 1.4740 -158.99 
-20.76 1.4727 -159.24 
-20.52 (1.4732 _ -1i59 RK 
-20.28 1.4753 -159.72 
-20.05 1.4791 -159.95 
-19.82 1.4844 -160,28 - 
-19.60 1.4911 -160.40 
-19.38 1.4993 -160.62 
-19.17 1.5088 -160.83 
-18.96 1.5196 -161.04 
-18.75 1.5317 -161.25 
-18.55 1.5450 -161.45 - 
-18.35 1.5595 -161.65 
-18.16 1.5751 -161.84 
«47.97 1.5918 -162.03 ШИ 
-17.78 1.6097 -162.22 
-17.60 1.6286 -162.40 
-17.41 1.6485 -162.59 l 
-17.23 1.6695 -162.77 i 
-17.06 1.6914 -162.94 | 
“46.88 1.7143 -162 06 
-16.71 1.7382 9 
-16.54 1.7631 -163.46 
-16.37 1.7888 -163.63 "M 
-16.21 1.8155 -163.79 
-16.04 1.8431 -165.96 
“15.88 1.8715 | -164.12 — M 
-15.72 1.9009 -164.28 


E50 
.745 
.740 
EE 72: 
| 730 











ቆ 725 


ЕЕ ..720 ΠΕ 


715 
‚710 

ЕЕ „705_ 
‚700 
‚695 

E690 . 

‚685 
‚680 
1 ሚራ: 
‚670 
‚665 

_— O00 
2655 
‚650 


-一 一 一 一 一 一 一 一 


‚605 
‚600 
‚595 
. 590 
OS a 
.580 
5 
«570 
2685 
‚560 
ЕЕ 555 


MEAT 


a 7433 
ж/ бөл 
.7669 
. 7645 
. 762 1 
. 7596 


ac ` 3 


‚7244 
о? 
7489 
. 7461 


‚7502 Ἢ 


797% 
473540 


.7$08 ` 


7270 
‚7245 
2:7 Ng 
17 5 
. 7140 
“71095 
.7069 
-7 035 
.6996 
0059 
2992 1 
.6982 
.6843 
.6804 
, 6764 
፡6/22 
6582 
6641 
6600 
-0957 
6515 
po 
‚6525 
64984 
‚6550 
6295 
6250 
. 6204 
ο 
ОАЕ 
«6066 
46019 
ro971 
75929 


一 一 - 一 一 一 一 一 -一 一 -一 -< -- 


RELAY- WITH-HYSTERESIS-AND-DEAD-ZONE 


IMAG 


“4.2149 
m 
>92 
~.2064 
-.2056 
.2008 
.1980 
"953 
„1926 
os 99 
876 
«1845 
21519 
. 1792 
πο 
01740 
21715 
.1689 
.1664 
.1639 
Jo 
.1589 
mel O05 
‚1540 
لل‎ 86 
‚1492 
„1468 
-,1445 
-.1421 
- 1698 


72 
759250 
.2507 
e 
.1263 
.1241 
4-2 19 
= 441 28 
κ το 
2.1125 
15 
-.1114 
шз еы 
= 10/5 
-,1053 
”.10353 
”.1013 
-.0994 
-.0974 


лы αιωνας‏ مل بب سه سه سه кас‏ سا اتان 


A/B = 4 

GD PRASE 
49007 ο. 
978 5 ИЮ. 
‚7959 “12 „46 
2719 1.9 ο ο 1 سلا‎ 
.7888 -14.95 
7097 -14.81 
7825 سه رای‎ 
‚779$ 1و‎ 
ን “124. 52 
‚7726 <14. 25 
.7692 -14.08 
Aso -15.94 
7622 515.80 
~ 7536 21567 
.7549 715,55 
7 >=!) 
. 7475 22528 
. 7457 “12213 
„7899 "13.00 
‚7560 = j 2. 67 
οὐ τὰ 
mí 207 Ш2-61 
‚7240 2150.48 
‚7200 = 下 55 
22259 225 
7117 оО 
5 24142298 
51572 0266 
. 6989 =11.75 
«6946 τς ο 
‚65902 711.49 
265298 1.57 
«6814 SU Iu 
.6769 "11.24 
.6723 ΛΕ 
‚6678 -10.90 
.6632 210.79 
‚6585 210.67 
-6509 E10. 56 
6492 -10.44 
‚6444 “10.53 
«68497 =1ህ 
‚6348 210.10 
463500 “9.99 
.6251 -9 56 
.6202 uv 
‚61535 “9,66 
„6103 9, 2 5 
«6056 “9.45 
‚6003 -9.34 


ІІ mnt 


- — á = a 


——  ——I "I—sIÇr 





1⁄GD(DB) ANGLE 
سے‎ "4,64 OSE 一 
1.9622 -164.59 
1.9941 -164.74 
—e40969 164.00 T 
2.0605 -165.05 
2.0950 -165.19 
LOS 165. 34 = 
2.1663 -165.49 
2.2032 -165.65 
gel DEE SE 
2. 2795 -165.92 
2.3189 160506 
2645990 ጨን ዓባ. 
2.4000 5106.59 
0.4417 -166.47 
2.4843 _ 166.6 ma 
2.5277 -166.74 
2.5719 167 
2.6199. “1067, m 
2.6627 ο; 7 
2.7092 -167.26 
2.7567 167. d () 
2.8049 “167.58 
2.8539 -167.65 
-—— 2.0058, οι ርሮጩ 
2.9544 -167.90 
3.0059 -168.02 
5.0582 258.14 
54.1114 -168.27 
5.1654 158559 
3.020253 16068098 
5.2759 -168.65 
22525 -168.75 
5.5899 -168,66- .. 
54445 -168.28 
5.5075 -169.10 
2د 567 مه‎ do) M 
2.9295 -169.33 
5.6901 “169.44 
5.7528 -169.56 
5.8165 -169.67 
9.8811 -169.78 
243.9466 2169.90 a 
4.0151 πο... 
4.0805 “170.22 
4.1489 ` -170.238 | — 
4.2163 -170.34 
4.2887 -170.45 
4.5601 ..—170. 59. 
4.4325 -170.66 


a dE ο ——M ms ሐ Ë -- 
me ο eege — — sri SEES t mmc — MM 


S RELAY WITH HYSTERESIS AND DEAE E 


eee M -- 一 一 ~ 一 —— 


Д/Н 4 
R REAL IMAG GD PHASE.  1/GD(DB) ANGLE 
,500 „5875 -.0955 ‚5953 -9.25__ 4.5060 =-170.77 
‚495 ‚5827 -.0936 „5902 -9.13 4.5805 -170.87 
.490 .5778 -.0917 .5851 -9.02 4.6561 -170.98 
|. .485 5729 -.0899 .5799 “8.91 4,7528 -171 (6 
. 480 . 5680 -.0880 5747 -8.81 4.8105 -171.19 
„475 „5630 -.0862 ‚5695 -8.70 4.8894 -171.30 
SS ,5580 -,0844 ,5645 -8.60 4.9694 -171.40 
.465 „5529 -.0826 ,5591 -8.50 5.0506 -171.50 
.460 5479 -.0808 5538 -8.39 5.1330 -171.61 
n WEG „5428 -.0791 .5485 -8,29 5.2165 -171.71 5 
. 450 ,5376 -.0774 „5432 -8.19 5.3013 -171.81 
‚445 „5325 -.0756 „5378 -8.09 25673 ال‎ 
ሸጉ) 440 „5273 -.0740 „5324 -7.98. | 5.4746. n 
‚435 .5221 E0723 .5270 -7.88 5.5631 -172.12 
„430 „5168 -.0706 „5216 -7.78 5.6530 -172,22 
ш 425 P5115 -.0690 ,5162 -7.68 5.7442 ІГ 
.420 5062 -.0674 5107 -7.58 5.8367 -172.42 
‚415 „5009 -.0658 „5052 -7.48 5.9307 -172.52 
БЕЛІ 0. ‚4955 -.0642 ‚4997 -7.38 6,0260 -=372,62 
„405 ‚4902 -.0627 . 4942 -7.28 6.1228 -172.72 
400 ‚4848 - 0614 ‚4886 7,19 6.2211 -172.81 
© 395,  .4793 -.0596 , 4830 -7.09 6.3208. <j Ош 
590 „4739 0581 ,4774 -6.99 6.4221 -173.01 
. $85 „4684 0566 ‚4718 -6.89 6.5250 -178.12 
© 380 . .4629 -, 0552 .4661 -6.80 6.6295 -173.20 
. 375 ,4578 -.0537 „4605 -6.70 6.7357 -173.30 
570 ‚4518 -.0523 ,4548 -6.60 6.8435 -173.40 
. 365 ‚4462 -.0509 . 4491 -6.51 6.9531 -173.49 
360 ,4406 2.0495 . 4434 -6.41 7.0644 -173.59 
‚355 ‚4350 -.0481 ,4376 -6.32 7.1776 -173.68 
በመም ፡፡0 ‚4293 -.0468 ‚45319 -6.22 7.2926 -173.78 
‚345 4237 -.0455 14261 -6.13 7.4095 -173.87 
. 40 ‚4180 -.0442 ‚4203 -6.03 7.5284 -173.97 
E 55 123 -.0429 „4145 -5.94 7.6493 -174.06. 
l . 330 . 4066 -.0416 .4087 -5.84 7.7723 -174.16 
. 325 „4008 -.0403 ‚4028 -5,75 7.8973 -174.25 
.520 .3950 -.0391 . $970 =5,65 8.0246 -174.35 
ης” 5593 -.0379 .5911 -5.56 8.1542 -174.44 
. 310 ‚34835 -.0367 5852 -5.47 8.2860 -174.53 
.305 5776 -.0355 45793 -5.38 8.4203 -174.62 
DEP 0 5726 -.0344 ES7 54 -5.28 8.5570 -174.72 
.295 3659 -.0332 5674 -5.19 8.6962 -174.81 
290 3601 -.0321 ‚3615 -5,10 8.8381 -174.90 Ë 
285 5542 -,0310 5555 -5.01 8.9827 -174.99 
.280 ‚3483 -.0299 . 3495 -4.91 9.1301 -175.09 
.275 5423 -.0289 . 3435 -4.82 9.2803 -175.18 - 
E070 1$ «5564 -.0278 . 3375 -4.73 9.4336 -175.27 
‚265 ‚353504 -.0268 $3315 -4,64 9.5900 “175.36 
260. ‚34245 -.0258 ‚3255 -4.55 9.7496 -175.45. 
.255 ‚3185 -.0248 „3194 -4.46 9.9125 -175.54 


-112- 








چو 











REAL 
1 5290 $129. 
‚245 . $064 
‚240 . 5004 
B «265 ‚2944 
#250 ‚2864 
1225 .2822 
Е 9 220 2,2761 u 
215 2700 
210 02659». 
205 meg. . 
‚200 7 
‚195 ረ. 9 
mag . .: ,ሮ394: | 
‚1985 .2532 
‚190 . 227 H 
. . መገራ. «οἱ Ң 
‚170 ‚2146 
2555 ‚208 
и Ene. —..2022 
ІР 56 ‚1960 
150 ‚1897 
‚145 F. 1859 
| ‚150 «το 
| . 135 ‚ ALG 
И. ር ЕЕ”, 1554 
| ‚ 125 . 1584 
. 120 do T 
B πα» አ {45} 
‚110 ‚1596 
` OS mess 
A 2111 18 
x 095 1206 
. 090 61148 
80685: 1080 
.080 7د‎ 
75 : 0/95 3 
070 2.0899 
«065 208927 
. 060 ‚ / ό ὁ 
E — 055 . 0200 
050 SE 
045 09749 
_ 040 م,‎ 9 
035 0445 
«040 . 0382 
E ` . 025 20515 
„020 , 27 
. 045 .0191 
SS ë 10:20. بت‎ .0127 
| «109 . ه004‎ 


—. w Ñ 


„> == 


RELAY 


IMAG 


. 0259 
. 0229 
. 20 
0 2 
020 
‚0193 
.0185 
. 0177 
.0168 
“0 16 
«0 358 
οἱ ο» 
0156 
02352 
.0124 
ΤΙ 
20150 


«11. 1} 1:1: 


i 
ه‎ 1 1 


0098 
„0092 
. 00686 
«0080 


‚0070 
0065 
.0060 
20055 
250058 
‚0046 


.0 058 
“መ 0025 
‚0051 
‚0©028 
‚6024 
. O OIR 
‚ لېا‎ 9 
.00:6 
. 0014 
.0 
有 D 
. 0008 
„0006 
. 0 009 


70902 
‚06002 
0001 
0000 
0000 


€ 1 1 1 የ1 የ 1 ፤1 1 15 15 


‚0104 


ስህ 


‚0042 


.0005 


ጋሬ e ሻም 


A/B = „4 


GD 


«154 
. 5073 
.2951 
.e890 
.2829 
. 20 
ርን 
‚2645 
E58 
መመ! 
«6459 


‚05862 
~0518 
‚0255 
‚0291 
‚0127 
‚00634 


-113-___ 


WITH HYSTERESIS AMD DEA DZ OME 


PHASE 


6257 
- 4.28 
-4.19 


wa. 10 


74.01 
5.98 


_ 75.83 


-5.74 
- 2965 
= 5 505 
-53.47 
25 499 
=. 50 
-3.22 
-5.12 


35 κι. 


-2,94 
-2.06 


S -2 7و‎ 


-2.68 
2.99 


-2.51 


=2.44 
0 Grd 
-2.24 
- 2% 1%6 
“66፡07 


_ ል) 


-1.90 
екін 81 
-1.72 
-1.64 
25 


_ ؤ46 ,.1= 


215.58 
71 οὐ 


رلا لاچ 


ғ“.12 
AD 
>» 
= 86 
ES 
-.69 
2050 
ο ο 
MER 
5124 
“26 
“ 15 
-.09 


— — — کے‎ ጠመ کت‎ — —  — ee ---Ἡ ρω ee — С ፦ 


سے ی ممم — E‏ 2 له دل ከ...‏ 











L/ GU ος ANGLE 
-2 Олар Du a w 
10.4226 - 175, 61 
— 106002 .2174290m90 — -- 
10.7819 “175.99 
с 1: 1584.  -170m$ 7^ 
1175590 “176.26 
115597 “176,35 
1 ig н Т7 ОДИ 4 ک٢‎ 
11.9675 -176535 
12.1851 ΝΡ: Р 
٢ 14009 - 2176,711 . 
12.6321 “176.79 
12.8661 -176.88 
13.1069 αὐ; 
15.3549 -177016 
15.6106 -177.14 
نپ‎ 138784 ጋ ከ0ጌክኬክ፡ጅ፡. መመ 
14.1467 “177.352 
14.4282 -177.41 
4 4. 7/2952. =27//ሚይ በመጠ 
1 0282 -177.58 
15.3342 -177.67 
155659 de 17 74 όν --- 
15.9970 -177.84 
16.5490 “177.945 
оо 1 =1 18a 2 6 
17.0998 ΤΕ τι 
17950965 148819 
17.9252. ЕЕЕ 
18.3666 -178.36 
18.8342 - 1 7 5 
19.5289 — "1780504 . 
19.8537 178.62 
20.4126 “178.71 
21.0103_—_ -179m 0T 
2126526 -178.88 
22.5465 -178.97 
25.10101 ص‎ DD 
23.9277 -179.14 
24.8419 -179.23 
25.8640 -1 729: 5 1 س‎ ٢ل‎ 
27.0231 -179.40 
20.3613 -179.48 
29.9443 -179.57 . 
31.8821 -179.66 
54.3805 -179.74 
37.9020 ٨11798 . 
44.9225 “179.91 


NN 00 Ола 


К 


‚995 
990 
. 985 
. 980 
‚975 


. ο” 


740 


——— --- - 


‚910 


. 965 
. 960 
.955 _ 
. 950 
‚945 


935 
930 
.925 
.920 
915 


905 
.900 


° 695 m 


. 890 
.685 
.860 ` 
‚875 
‚870 
‚865 
‚860 
855 
‚850 
«845 
«840 
‚635 
«860 
‚825 
‚8620 
‚815 
. 610 
.805 
. 0 
. 795 
790 
‚785 
‚780 
PI 
770 
‚765 
«760 


ΝΠ» 


REAL 


50964 


‚5714 
‚5959 
.6140 
.6288 
6413 
„6523 
‚6620 
‚6707 
‚6786 
‚6858 
‚6923 
‚6983 
‚7038 
„7089 
.7136 
.7179 
.7219 
.7255 
.7289 
,7320 
,7348 
,7374 
.7597 
,7419 
. 745 
‚7455 
‚7870 
7484 
‚7495 
‚7505 
„7514 
‚7520 
‚7526 
KEE 
‚7532 
7533 
7532 
„7531 
‚7528 
‚7524 
‚7518 
m ls 
.7504 
„7596 
‚7486 
‚7475 


‚7463$. 


«7451 
‚7437 


——————————— чана 


1 
$8 1 1 1( የ ¢ 1 3 


IMAG 


-.2547 
-.2521 
-.2496 
-.2471 
-.2446 
-.0421 
-.2596 
# 2371 
e 7 
22 
‚2298 
‚2274 
. 220 
.2226 
‚2202 
‚2179 
22785 
„2152 
‚2109 
‚2086 
. 203 
‚2040 
„20 
‚1994 
‚1972 
‚1950 
‚1927 
‚1905 
‚1883 
‚1862 
‚1840 
‚1818 
1797 
244275 
175% 
. 737143 
куд 
‚1691 
. 1671 
1650 
21650 
.1609 
-.,1589 
-.1569 
‚1549 
ES 
1910 
. 1490 
.1471 
1452 


' әҒ Т ІІ (Т ҮІ ЕТІ f ff f f 1 


А/В = 


سر با چ 


لات 


‚2694 
«6246 
. 6861 
‚6619 
‚6747 
. 6855 
‚6949 
«7052 
‚7106 
2712 
‚7255 
‚7287 
ንሪ 
7362 
«/44 


RELAY WITH HYSTERESIS 


‚6 


«761 κ 


‚7496 
hia? 
550 
EES 
.7 5 
«7666 
‚7645 
. 7 66 Ë 
«7676 
«7689 
‚7700 
27702? 
47717 
‚7725 
xa 
7750 
«7786 
ο 
‚775% 
7729 
.77 3 
720 
‚715 
‚7707 
‚7698 
«7689 
„7678 
. 66 
. 7654 
‚7641 
‚7626 
.7611 
.7594 
‚7577 


AND DEAD ZONE 


مس — — 


— — 一 -一 一 


PHASE 1/GD(DB) ANGLE 
-26.57 ር(/ሬ.5 « 609355. ሮቷም 1 
“28,033. 4.0883 -156.19 
-22 2 5.7943 453 ο 
“21.99 5.5865 -156.08 
“21.25 3.4181 - 128 7 
“20.68 5.2798 159952 
“20.47 4.1616 “129.896... 
“19.714 3.0586 -160.29 
19729 2.9677 - 160772 
“18.89 2.8867 ιά ٢٢ 
“165535 2.8142 - 1631.7 
-18.18 2.7489 - 6 
-17.86 2.6898 -ν Ы 
-%М.55 2.6563 -162.45 
= 2 2.5878 -162.74 
τς. _ 2.5457 -ἵος ШОШ 
داي‎ 2.5037 - 166028 
-1 6845 2.4674 - 16558855 
161 21 2,4545 -165 7 ° E 
= HER7 2.4048 -164.03 
μισο 2.5781 -164.26 
ορ... 2.5541 ت‎ -107 08 
ΡΟ 2.5587 -164.70 
-15909 2.51357 -1604 9941 
- 1 81069 2.2970 -165.11 لرل‎ 
“1 4%69 2.2825 -165 204 
18% 50 2.2701 - 165001 
-14.31 2.2597 - 1657 69 ΗΝ 
-14.13 2.2217 - 1 867 
“135.95 2.2443 -166.09 
C7 2.3 “16623 
-13.60 2.2359 -166.40 
“15 ههو‎ 2.2342 ~ 1666 56 
"15728 2.2540 -1606.732 
“#35 .12 2.259 -166.88 
-12.96 2. 2581 -167.04 
-12381 2.2422 -16yV. 59 
ο. 2.2478 -167772 
-1251 2.2546 -167.49 
“15.56 2.2628 -167.64 S 
alen? 2.2723 -167.78 
1E 0B 2.2829 -1 92 
ΑΘ» 2.2948 - 168 . 7 
“11,030 2.3079 “16867. 
11 OB 2.5221 "10052 
اب‎ ١ ορ 2099/5 -168.45 _ 
«11.42 2.3540 -168.356 
“11929 2.3715 -168.71 
“11217 2.3902 -168.83 fx 
“11.04 2.4099 -168.96 





e‏ کے کے ےچ تت تت مہ ست م ا ی ی ےک چ ےج ےا 





NTH HYSTERESIS‏ ره تن 


R REAL 

S0 ‚7422 

745 .7406 

. 740 ‚7590 

EN J 55 ЖАЗУ 
‚730 ‚755% 

8 ረ .7 37 

ш 20. — τοι”. 

715 . 7 294 

6 7ه 710 

E05. «7450 

«700 7227 

4995 .7205 

ЕЕ .590. | .7178 
685 το. 

‚680 «7186 

ЕЕ 65 «7406 
| .670 .7 8 

‚665 ‚7045 
1 .660  |AL .7012 
«655 6985 

«650 292509 

.Ө45 6924 

.640 . 6895 

. 655 . 6861 

ШЕ — .650 .6828 
‚625 «6793 

| .620 бв 
ЕЕ «15 «6/56 
‚610 45691 

«605 «6658 

1 «00 «68419 
‚595 2698.5 

590 6545 

ВЕ .585 «6208 
«080 «6969 

‚575 .. 

Ж ИЕ .5/0 - .5591 
.565 26522 

‚560 . 
ο. (627% 

‚550 .6230 

0545 26188 

E 550 . ‚6146 
555 , ӨШ 5 

.550 .6060 

ЕЕ 2.2202 715017 
‚520 . ه5‎ 5 

0515 5929 

| ‹210 ‚5884 
‚505 ES > 


{1 41 f f f а а επ 
к - 
ቢን 
5» 

Co 


#¢ 8 1 
ኑሖ 
KA 
f 
ο 


ሥ፡( 1 ፤ 1 5 1 4 
© کم جم ي‎ EIE E 
ο 0 ርጋ © ርጋ ርጋ نت‎ 
نم حم ریه په‎ MI ره په‎ 
ο VIF М ο Ον οι 


' 
ርጋ 
Ὁ 
<> 
Co 


፡( 1 1 3 19» 1 1 1 1 @ @ @ @ @ © ι | 
c ርጋ 
VJ “9 
Co c 
<> ቢን 


' 
co 
ጮ 
Co 
“O 


ገ = 


«6445 
‚6405 
መሠሪ 
‚6320 
‚6277 
‚6235 
‚6190 
‚6147 
‚6102 
‚6058 
.6012 
‚5967 
‚5921 
‚58759 


SS 


=F a Z= oS a DEE ር š 
. 


.6 


=“ - = 
——M  — —  . Е መ" 





NO DEAD ZONE жЕ = 
PHASE 1/GD(DB) ANGLE 
10:9 )یه هس‎ 11. 
“10.80 2.4525 - 59020 
"αυ ον 2.4754 -169.31 
1097 2.4992 2169.99 — RH 
το T6 2.5241 -169.54 
-10.54 2.5499 “169.66 
2چ‎ 0,237 2.57” 1607 መ 
ου... 2.6045 -169,88 
+10. 01 2.6333 -169.99 
-9.90, - 2:66 م3‎ πι ٢٢۲او‎ 
29000 2.6936 =172Ш 0 
“9.69 2. 7252 -170 11 

-9 SE Q./5/85- 170. 94 — Ju 
-0 B 2,7912 21720 2 
-9.58 2.8256 -170.62 

μμ 2 0.80009 5170 T . 
- ONE B 2.8972 -1/ 0,02 

ΠΡ 2.9344 mn ,) 2 
-8.99 2.9724 -17 6 
SES 5.0115 παλ. 

ш 5 ون‎ 5.0514 1 СТ 
“8.704. 5.0922 -77 ክክል 
"δι ο 5.1340 - 17 28959 

-3 188 З. ἘΠΕ -17 15869 

δω ο 5. ሮሮ ረ.:....”1/ ሀጋር መድ 
-035 5.2647 -171 9 
-08.25 5.5102 -171 "16 

= ጋ 5.3505 “171 99, ٢ ٢ ٢۲- 
٩6 5,4058 -171.94 

- ( ,7 3.4520 17295 
-Le89 3.5011 2-122 NO 
- BO 3,5512 “172780 

NL $.6022 17289 

*/ ረ ES. S2 122 37 iX 
-7.54 3.7071 -172.46 

-7 S6 5.7610 -172.54 

-7 150 $.81984.,- -1/2 sp ma 
-7.29 5.6717 =172 ات‎ 
“ТІ 5.9285 -172.79 

- د‎ 3.9862 17/290 v 1 
- 7805 4.0450 -172793 

-0 7937 4.1048 ~17 S05 
-6.89 4.1656 17/5094 "E 
-6.81 4.2274 173.02 
"ος 4.2902 و17-‎ 27 

- 636 5 4.3541 -173 ον... 
“6,26 4.4191 “173, 42 

t 4.4851 -175.50 
-6.42 4.5522 -173798 е, 
-6.995 4.6203 "173.65 


IMAG 


-.0637 
-.0624 
-. 
“0259 
.0 28 7 
. 05785 
‚0563 


፥ 
со 
ያ] 
ኒ፣ 
LA 


‚0539 
„0524 
0516 
‚0504 
.0493 
‚0482 
‚06471 
‚0460 
-.0449 
0439 
. 0428 
0418 
‚0407 
0597 
=, 0367 
-.0577 
- . 0568 
=,0325 
-.0349 
-. 0359 
e, D AA 


- 


ου... 


А/В 5 
GD 


99528 
,م,‎ 59 
‚5754 
‚5686 
‚2638 
2289 
«9540 
«2491 
‚5442 
‚535392 
‚23842 
. 5 2 
«2240 
«5389 
.9158 
‚5086 
«2054 
.4982 
. 4029 
.5876 
4823 
4770 
‚471 
. 
4608 
ΠΣ 
. 29499 
. 4444 
.4388 
9500 
‚4277 
. »ې‎ 280 
‚ .ې‎ 96 
. 6109 
.4052 
. 5995 
. 5958 
. É 8 94 
22808 
.5766 
‚5709 
. 5650 
Og 
~ 9538 
„5474 
2 
. 5006 
S297 
‚5258 
.5178 


-116- 


‚б 


PHASE 


ር 
-6.20 
“6.22 
- 859 
ο” 
οὐ 


- 5200 е 


“2 6 
ΞΕ 
г о ὍΝ 
4 
- 7 
-5.40 
=5 
- 2726 
>- 了 2 
زي‎ 
-5 296 
-4.98 


= 4799: 


- 4.35 
-4 8 
4. 27! 
-4.64 
-4.58 
eq ao 
-4.44 
-4.38 
ο 
- 485 
GE H 
-4.12 
- 5 
-3.99 
-5.92 
- 6 
- 60 
ν᾽ 


ο 


- On 
"3.24 
-$5.48 
-3.42 
ο 8 
-3.29 
-IRLI 
"ORI 
-nli 
-3.05 
-2.99 


RELAY WITH HYSTERESIS AND DEAD- ZONE 


 1/GD(D8) 


9.7920 


ANGLE 
454.6896. 173 5 
4.7600 «17 وق‎ 3 
4.8315 -173.88 
„_ he DOM ee 175... 
4.9780 -174.03 
5.0551 -1747 || 
5.1 293. στ. 
5.2067 -174.24 
5.2854 -174 
2 5.5653 "1η, 
5.4465 -174.46 
5.5209 «174.55 
2. 612 = 1 
5.6979 -174.67 
5.7843 -174.74 
29.8702 -і7 لل‎ 
5.9615 -174.88 
6.0522 -1 7 ee 
6.1444 -175 0 Ы 
6.2581 "αρα. 
6.3353 -1/75 05 
6.4301 -175 3267 
6.5285 -175 88 
6.6989 175998 
6.73089 “1755 
6.8354 -175.49 
6.9385 -175 98 
7.0454 -175768 
7.1540 -175 99 
7.2646 - 1 7 ٣, 
7.3770 -179 7٢ 
7.4914 νο 
7.6078 -1 75% لل‎ 
7.7262 -1 7/677 
7.8468 -176 ٢ 
7.9696 -17 
8.0945 -17 07 
8.2218 -17 626 
8.3514 «176.559 
8.4835 -176 058 
8.6181 -17607 
8.7552 -17 67 
8.8950 -1 7/675 =e 
9.0376 -176.64 
9.1830 “176.71 
9.5313 "176... 
9.4827 -176.83 
9.6372 “176.89 


-176.95 


. 一 . 





一 


9.9561 -177. ШЕ 1 


————————— 





"Zem v. fm: s á <. ی س ل‎ eee eee s s. v Ñ. ee ee ee ανν ee ee ee Cee (ar s. ee 


ΠΕΙ ΑΥ WITH HYSTERESIS. AND. DEADLUZONG 








A/3 = .6 

REAL IMAG GO PHASE 1/α (08) ANGLE 
تت بب‎ С =. 0159 لگ‎ 2. 9510. 1208177 0 
«9055 -. 0955 . 9059 286 10.2891 -177.14 

. 2995 =. Ue ‚2999 “ሪ ου 10.4611 177929 

. 295 - πι . 2959 "Qul Aun. 1 00267 deer 17 Mg > m 
“5875 =, 022 . 28/78 -Ε 68 10 a84 72 - 177,3 

177.$8- 11.900715 2255" 2818. 9 ال, - 228925 

„27а =. 0525 «6 5 С): М-ы n 
.2694 = Ute ~ 2697 zu e 11.5837 -1774 98 

. 2633 =. Ошо ‚2656 “2.44 11:5820 -177 D6 

22978 24:0 1:087 277١ -2 ورت کن‎ 11.7894, —— 17 MESE 
.2512 va 0880 ὁ . 2514 -2 2 11.9940 -177.68 

„2450 =. 0097 .2452 د سي‎ 12.2083 -177.74 
5,2389». πο. . 2391 .که‎ 2 12284 σα το ο»... 
723528 =,0057/ ‚2550 гас 12.6547 -177 405 

. 02466. -.0083 .2268 -2.00 12.8875 -177 391 
pego. =,0076 ~ 2206 =2 . 0G . 15.1271. -177 0p eee 
‚2145 -.0074 .2144 “1220 15.5740 -178.03 

.2084 -.0069 ‚2082 wb E 13.6286 “178.07 

„гоа -.0065 .2020 “1.85... 15.891176 ات ردو‎ 
« θα, "ου οἱ . 1928 “1.72 15 . ۳ -1768 ae 

.1895 =, 0057 „1656 “1.7, 14.4450 “192.2. 

لور گت تت ے 533 په لس ن 1- 1854 ~ 0054.- 1854‚ 
176,39“ 15093 * .2.01“ 1771 . 0050.- 1274 

1708 -,0046 „1709 -1222 15.3461 -178.44 

. 1646 - ,0045 ~ 1646 “ከ 15.6702 -178 MD M  - 
‹4253 >, ሀ/0መ; ‚1584 -1,49 16.0073 178095 

1920 -. 0057 „ОО ~i noe 16.3584 -178.62 

,1%58 ~.0054 „1458 -1.358 16.7248 -1 7806 0 1 n. 
‚1495 -.0051 4392 πα. ο 17-177 -178.73 

1530 - . 0 0,28 „1332 د زس‎ 17.5088 -178 Ὁ 

269 ~. 0025 222524 CS AAG 17.9297 -178 2 تت‎ . 
. 1406 -.0023 . 12065 "1400 18.3725 -178— 1 

‚114$ -. 091 1145 ΥΣ 18.8395 -178.97 

.1080 -.0018 1080 - ΝΒ 1935356 = 1 20009 

1046 = i 8 177 - 19.8578 -179.08 

09545 -.06014 ‚0953 7.86 20.4163 “ΣΟ 

‚0890 -.0012 .0890 Μο 21.01 5 2179 ‚а 
MUS ۳7 Б, ОО τ . 0626 ee 21:765350 179; 25 

0763 -.0009 0763 πο. 22.5498 wk ο. 

. 0 / 00 -,0058 .0700 -.6$ 25-1050 -179 
0236 «,0006 . 0636 "nus 37 25.9294 -179.43 

. 097 -.0005 .0575 ντα 24.8452 -179.48 

‚0509 -.0004 .0509 -.46 25.8651 2179 መመ 
«0445 -.0005 .0445 -.40 27.0239 -179.60 

179.66“ 28.3619 ده 0482‚ 0002 0388 . 

.. 8د‎ .0002 «0618 πε 29.9448 -179 پر ې‎ ٢ 
0450 0001 0255 -. 23 51.8823 “179.77 

. 0191 |“. 0001 0191 S idu 35.5806 -179.83 

«0127 -.0000 ‚0127 ze] 57.9021 -179.89 

«0064 -.0000 ‚0064 06 43.9225 -179.94 


1.000 
. 995 
. 990 
.9865 
. 980 
195 
‚970 
‚965 
. 960 
955 
. 950 
‚945 
. 940 
, 955 
KI 


"LU 
.815 
.810 

.805 
800 
‚795 

.,790 


— 


— 


REAL 


. 3820 
‚4467 
‚4737 
‚4943 
po Tm 
.5265 
‚5596 
759310 
5622 
25729 
. 5319 
.5906 


596 mg 


2760482 
16252 
17 
‚6260 
.6519 
63575 
6525 
‚65475 
‚6519 
16255 
660 
«6640 
20672 
«9/08 
. 673۵8 
2756767 
‚6795 


«6818 


.6841 
‚6862 
‚6881 
‚6898 
„6914 
,6928 
„6940 
‚6951, 
,6963 
‚6969 
‚6976 
„6981 
‚6985 
„6988 
‚6989 
. 6989 
‚6988 
‚6986 
‚6982 


— -— әт 


RELAY WITHA πο ER s I 


q 1 
Б H 
حم حم‎ 
го с: 
n J 


1 
GA 
© 
<> 
CA 


1 የ f 
co co ca 
Со œ CO 
CO P Vi 
Ulo С^ 


A/B = 
GD 


©4026 
. 4641 
.4899 
, 89 
ጋሬ... 
2401 
. 58 
‚5642 
.2746 
.5845 
.5932 
. 6019 
6091 
$165 
. 2256 
. 6293 
ده.‎ 335 
‚6408 
‚6460 
6027 
„6800 
, 6528 
«0099 
DEER 
„б/т 

‚6746 
«ӨЛІ 
.6805 
. 6832 
«ӨР 
.6880 
ο... 
. 6920 
δω 
«6954 
.6968 
.6981 
«6996 
. 7002 
70 
.7017 
.7022 
.7026 
ου 
ρου 
‚7051 
‚7050 
.7028 
.7024 
.7020 
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«n 


AND DEAD ZONE 


PHASE 


"18.44 
"15.76 
“14.76 
«14.09 
“13.45 
«16299 


"12.225. 


"42 16 
-11.%6 
“11.46 
-11.% 
“10.0% 
ο 
-10. 
"το. 
= g 
E 
-9228 
=k 
الوت‎ 
“ቁ 
ΞΘ 
> 
-8.59 
“ο 
πο 
نی‎ 
“ 
= hae 
ره‎ 
2 
=7. 
መ 
NUT 
c 
_ 7а 
= 
O: 7 
- 
ረጁ 
ον 
68 
“6.49 
zo 
- 6.55 
-6.24 
"6.16 
ο 
"ο ος 
"D ὅ 


.. ጨጨ --ጨሙው 


— 一 


1/GD(D8) 


7.9017 
6.6672 
6.1986 
5.8574 
5.98Е7 
2. 3307 
5.1494 
4.9714 
4.8120 
4.6679 
4.5367 
4.4166 
4.5061 
4.2042 
e. 39 
4.0224 
3.9411 
5.8654 
5.7950 
3.7206 
5.6692 
246173 
5.5580 
5.5084 
5.4625 
5.4195 
5.5797 
5.5428 
3.3007 
5.2772 
5.2483 
5.2247 
5.2972 
5.1705 
3.2527 
5.1579 
5.1221 
54:10652 
3.0962 
5.0860 
577 
5.0708 
5.0622 
5.06038 
5.0599 
3.0611 
5.0637 
5.0677 
3.0752 


ANGLE. 


መ10ሰ1,2 
“164.24 
-165 M 
"7165.99 
“166... 
“16728 
7167.48 
”167.87 
-168.22 


"168. ٢ 


-168 756 
-169 ; 19 
:__°169 756 
-169.59 
-159.82 
-1/0. 03 
-170 28 
-170/ 9 
-170 OE 
"17806... 
-170.98 
-171 WI 
τσι. 0 
-171 9 


17185 Ἢ 


-171.69 
-171702 
-171998 
-172 108 
-17 π55 
-172 988 
-172 3 
-172 0 
=4 7 28026 
"172.70 
-17 ٢" 


=1 / 2 ፲ሃዊ፡፡ 


-173 ٢ 
αν. 
-17 5.7 
“17398 
-17 5 92 
-175 790 
-173.59 
-173.67 


“175... 


-173.84 
1735998 
-173799 
-174.07 

















j ከ REAL 
= 2750 26976 
‚745 ‚6972 
‚740 6965 
67.55 . 6958 
«740 ‚6949 
| 725 .6939 
ЕЕЕ 720.. ..6928 
715 .6916 
710 . 69043 

= Ü 5 gO DN a 
700 . 6875 
695 „6859 
690 .6842 
685 ‚6625 
680 .6806 
| .675 κα οὐ ή 
we 7 0 . 67567 
. 665 ‚6746 
0 ‚6725 
65b „ола 
620 ‚6579 
ШУ .655 .- 6557 
«640 «098 uU 
“6.55 «66092 
ΝΠ. «650 60279 
7625 6.25 
| . 620 «6224 
E .6515 . 6496 
. 610 ‚6467 
‚605 6437 
WE: . .600 «6407 
b595 neh هت‎ 
590 . 65344 
poo .63512 
"80 „6279 
"575 5248 
ЕЕ .570 . , Ole 1 
55 ‚Ста 
. 260 edad d 
E «255 362505 
abo 0 «6069 
‚545 6039Ж 
BE 240 ‚5994 
1555 5956 
E ‚5917 
የሮ” 49497 
520 585s 
n5 15 5/7986 
E510 Cb A5 
ου 257146 


ہے س نہ کی — — ——— د — چوس سی ت سے کے 


КЕША A TA HYSTERESI SAN DaD E ADSZ ONE 


4 1 1 


8 ፄ 818 8 ፄ 1 t 


tsi € የ 1 ( 1 1 


A/B = .8 


GD 


70125 
.7008 
‚7000 
.6991 
. 6982 
«608 
. 6989 
«6947 
‚6933$ 
‚6918 
‚6905 
‚6886 
‚6869 
.6851 
«6844 
бее 
«6792 
.6770 
06748 
“ከረረ. 
. 07 
«6676 
„6691 
. 6625 
6598 
ου 4 
6542 
6514 
.6484 
«6454 
. 6429 
«9495 
«6559 
«6897 
‚6293 
0290 
„6222 
‚6190 
.6154 
.6128 
. 6081 
.6043 
‚6005 
«2967 
‚5928 
‚2888 
‚2848 
42808 
2767 
. 2725 
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PHASE 1/GD(D8) 
5,6 56-5 255: 
55.79 5.0802 
>ሙ እይ 3.0978 
- یه‎ 6 5  -ت‎ Че б 
S 5.1207 
-5.51 5.1541 
ος کې‎ ۹ _ 32248 
“2.30 5.1647 
‚Ошо 5.1818 
Eius D Oe 0 Oe 
“Ῥω Зао 195 
ron 5.2402 
-5.06 Suc 6200 
-5.00 5.2850 
-4.94 5.3091 
-4.89 5.3544 
-4.85 5.5608 
-4.77 5.3885 
- Sod. am 16 
-4.66 3.4466 
= AD 5.4774 
-4 . 55 5.5098 
=ቋ ወጋ. 5.5423 
-4.44 5.5764 
-4.39 3.6116 
4:54 3.6478 
-4.29 3.6851 
-4.24 3.7255 
ጭን T 5» 7630 
-4.14 5.8035 
-4.09 5.8451 
ée, HA 5.8878 
sé, DD 35.9316 
-5.95 νων ο; 
-5:90 4.0224 
-3.86 4.0694 
SO OT 4.1175 
- 4.1667 
“9272 4.2170 
ق-‎ . 658 4.2684 
ο οὐ 4.5209 
Ooo 4.5745 
22-5 4.4293 
“3.50 4.4851 
-3.46 4.5421 
-5.42 4.6003 
ጫን ον 4.6596 
“9453 4.7201 
5291 4.7817 
“5.25 4.8445 


a ا‎ oe سی‎ —— — - 


حه سوہ ت د ۔ 


ANGLE | 


174-141 ——— - 
“174.21 
”174,28 

717 SE 
-174.42 
-174.49 
-174.56 Sues 
«174.62 
-174.69 
74075 wi. 
“174.81 
-174.88 
21/8. ΄ 
21, و‎ 
-175 105 
-172 12048 
د دوس‎ (7 
17523 
-175.29 
-17 
-175.40 
175.45 _ 
=1 7 EI 
“175-26 
21.755951 ٢ مې‎ 7 
=ጎ በያ 

e Ee 





. “1725. 1ο... 


-175.81 
-175.86 


) 175391 E 


1795995 
-176700 
-176.05 кк--- 
“172591 
«176.14 
176,19 i ы 
-176 25 
“176.26 
4765 3589 p 
-176.37 
-176 1 
“176,46 m] 
-176.50 
-176.54 
176.28. 8 
-176 GË 
-176.67 
17608 21 
-176.75 


жы 200 


R 


‚495 
. 490 
‚485 
‚480 
‚475 


270. ——. 


e 465 
. 460 


24925 99 


‚450 
‚445 
‚440 
‚455 
‚450 
‚425 
GE 
‚415 
‚10 
‚405 
‚400 
52954 
‚590 
. 585 


S00 


575 
E70 
.565 
,360 
KEE 
.350 
. 345 
KO 
. 335 
„350 
.325 
,320 
.315 
510 
.305 
500 
.295 
,290 
.285 
.280 
.275 


27.0 


è 265 
‚260 
‚255 


REAL 


25674 
902 
„228% 
‚5246 
. 2207 
‚5458 
.5414 
(5360 
‚592$ 
‚саў 
د225‎ 
‚5164 
СОА 
‚5090 
5042 


24945 
.4896 
‚4646 
«4797 
04746 


‚4696 


04594 
‚4242 
‚4490 
‚45458 
‚4586 
04558 
. 4280 
„4226 
‚8175 
‚4110 
. 4064 
.4009 
. 5959 
, 5899 
‚5844 
‚3788 
55/52 
. 5676 
$619 
1596.5 
«S206 
‚4448 
. 5391 
5555 
25275 
5217 
2159 


RELAY WITA HYSTERESIS ANDI DERDE ONEGA 


IMAG 


-.0518 
-0912 
~. 0306 
-. 0500 
80275 
=. 0287 
=. 0 281 
vU 
~.0269 
0264 
0258 
0222 
0247 


. 0255 
. 0250 
m0229 
‚0219 


.0209 
.0204 
0199 
‚0194 
0259 
.0184 
‚0179 
‚0174 
‚0170 
ΟΡ 
=, 0260 
7.0126 
52 
-.0147 
= ОЕ 
-. 0159 
-.0155 
‚01350 
ο 
30122 
.0118 
40415 
О Т 
.0107 
SORS 
‚0100 
.0096 
0093 
-.0089 
-.0086 
-. 0085 


I 5 ና 1 3 3; 3 f 


3 


—— 


0241 


Паша, 


А/В = 
GD 


2685 
2640 
ο»; 
‚2554 
‚251686 
‚5466 
„5421 
29376 
„25350 
‚22884 
022357 
‚2190 
‚214$ 
22066 
‚2047 
. 4999 
«4950 
‚4901 
851 
МЕТІ 
.4751 
. 4700 
. 4649 
. 4598 
‚42556 
.4494 
.4442 
. 4589 
„45356 
. 4285 
ος 
"5 
Οἱ 
.40 67 
. 4012 
25957 
. $902 
.5846 
. 95790 
3734 
22076 
. کر‎ 4. 
~ 5564 
22707 
. 3450 
222592 
. 9359 
(3277 
ο ου 


-120- 


‚8 


4/60(08) - 


PHASE 

pr A SE  4.9086 
ЕЗИ 4.9738 
-$.13 5.0403 
-5.09 5.1080 
-0.05 5.1769 
NUT 2.2471 
-@.97 2.5186 
-2.94 2.5914 
-2.90 5,4655 
-2.86 5.5409 
-0.02 5,6 Zei 
-2.78 5.6958 
-2,7% 5.7794 
τι 5.8565 
22-٨7 5.9387 
-2.64 6.0226 
2.60 6.1079 
=a د د‎ 6.1948 
- 2.53 6.2831 
-2.49 6.5751 
- 2 46 6.4646 
-2.42 ::6. 55708 
“2.59 6.6526 
το» 6.7491 
22:52 6.8473 
πο s 6.9473 
= oO 7.0490 
се 777 
ማሮ መ ን 7.2505 
5 7.3656 
ο 11 7.4749 
= 2. 08 7 , 58%@3 
-2.05 7.6998 
22.01 οι ο 
η 7255) 
یر‎ 5, 0250 
መን ጋ 81755 
= ۳ 3 8.2999 
= ЧОУ» 8.4269 
-1.82 8.5564 
7 8.6884 
SD 8.8251 
ὁ 8.9605 
ЕНЕ 09 9.1007 
ΞΘ 9.2458 
ομως οὗ 9.5899 
ӘН 799 9,5591 
پل‎ 6 9.6914 
21,553 9.8471 
= as Ü 10.0062 


ANGLE. 


-176.79.- ΠΝ 
-176.85 
“1763 
2176008 
“176.55 
-176 55 
— 717740 BN 
-177 345 
-177*19 
„177.14 a 
-177.7168 
-1477.22 
177, ٥ Ы 
“17755 
1/798 
- 17 7” 
“17716 
-177 799 
_ “177892 
-177 ٢ 
= 17 4 
-177 736 
“4/7681. 
-1777695 
-177.68 
-17 7 
-17 7 ИКО 
-177.78 
-1/7 mee 
-177.85 
-.77.89 
-177.92 
177.95 
21/7995 
-178.02 
-178.05 
-176 05 
-17 
-17 80805 
- 1 7 68826 
-17 82s 
- 1 "b 
-178 58 
-1 785799 
-1789959 
- 7 መ] 
-178.40 
-178.44 
-178.47 2 
“178.20 


la کہ‎ m -4 . i ди ው መው መ тт eh mm -- ——— —— —— — + ا‎ 





EE 


0 1,0 د . 
5042‚ 
2983‚ 
2924 
2864‚ 
2805 
27459‚ 
2685‚ 
#2625 


me 02". 


62904 
2444 
mee 
аел. 
.2200 
2159 
2077 
2016 
22954 
‚1892 
91830 
12569 
$06 
‚1645 
218538 1 
. 1519 
«456 
1594 
6: 
i268 
24205 
«11440 
τ» 
58016 
፡ ዐቋዌኃኃ 
. 
. 0826 
, 0 763 
οσο, 
‚0636 
"0572 
20:23:09 
‚0445 
‚0582 
018 
‚0255 
OIL 
.0127 


‚0064 


9 1 E E 19» 1 S ፥፤ ፤ 1 4 8 


4 1 


3 1 . 4 4 ፥(‹ 1 4 Y, ι 


i 


$ @ @ 4 4 4 
e ° Ф 


. 0000 


-0509 
‚0445 
‚0582 
.0518 
.0255 
.0191 
.0127 
‚0064 
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-1.А7 10521688 
-71.44 19790921 
μα 10.5052 
285 8 Ta ος 
دد‎ 55 10.8576 
መ 11.0401 
መ ድሩ ο τα. 
ን ከጋር 11.4169 
gc AC 1 386 155 
sl. 20 E вика 
“1.” 12.0243 
21.24 12.2370 
271.11. 12.4557 
لع‎ DB 12.6805 
әде 15 12.9119 
zu 02 15.1502 
- , 99 13.5957 
ማው 96 15.6490 
"20... 15% ΘΗ 4 
= 90 14.1805 
O7 14.4599 
- , 84 14.7491 
".81 لس‎ ΒΘ 
ee 15.3597 
y 196828 
ም v2 16.0189 
2269 16.5692 
=. 66 το 596 
65 17.1167 
= 60 17. 70 
E OM 178937 
2599 18.3792 
рс 18.8456 
=,49 19.5589 
2.56 1978526 
E 20.4204 
51] 111 πΗι 
ο ο, 21.6584 
>= ት 22.3 ኣጋ 
2.5 25.1052 
“29 25.953512 
7026 24.8447 
5:25 25.8662 
-.20 27.0248 
2:1 7 28.5626 
-.14 29.9452 
οι 51.8826 
= 09 34.5808 
sis: US 57,9022 
Se UA 43.9225 


PHASE  i/GD(DB) 


me ee ee 


— 


و ا 


ANGLE 


178459 Ж 
-178moóo 
“15.59 
r 1 8 6 
“178.65 
-178.68 
IME Ig 
“178.74 
2078.77 
2178. 805 S 
-178.83 
“ኔን 80 
-178.89 
θε 
-178.95 
2198.98 = 
-17901 
-179.04 
= 1 79 ü 7 
-179.10 
“170015 
= 19595716 
-179.19 
“179.68 
2175.25 ы” 
-179.28 
“1792451 
-179.34 
-179.37 
-179.40 
-179,42 ኢኽ 
-179.45 
-179.48 
217097 
-179.54 
“179.57 
-179.60 
-179.63 
“179.66 
αι... .. 
537 98:71, 
-179.74 
z 1989127 " 
-179.80 
-17983 
-179,86 . 
«179.89 
-179 49% 
-179.94 . — 
-179.97 


1.000 
2095 
«990 


«985 


«0980 
2275 
.970 
«965 
«960 


| .950 


«945 


SSES AH, د‎ 


955 
. 930 
«925 
«9420 
«915 


ዝሰ መ 


205 
.900 


Mu 595 


. 885 
‚680 
075 
70 
. 865 
‚660 
T095 
.850 
. 845 
«840 
«855 
‚850 
.825 
.820 
ΠΡ 
‚810 


805 


‚800 
B5 
«790 
. 785 
‚780 
‚775 
‚770 
‚765 
‚760 
«7898 


REAL 


TU 0:04 
‚1265 
210578 
52209 
. 2483 
vo 
25004 
2220 
034285 
. 5607 
νυ» 
224582 
.4083 
.4222 
,43552 


44479 2... 


፡ 42913 
‚4700 
‚48054 
99 0 
‚#095 
9008 
291507 
.5246 
25422 
053594 
5462 
5526 
29389 
‚5646 
29701 
9724 
.5803 
2850 
‚289 
‚2956 
05278 
26019 
«60489 


_.6081 


.6112 
.6140 
.6167 
46132 
262139 
„62356 
. 6453 
6273 
‚6259 
WEFE 


IMAG 


.0000 
-.0000 
=. 0000 


x25 9000 


-,0000 
220000 
-.0000 
-.0000 
”.0000 


.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
. 0000 
. 0000 
320000 
0000 
‚0000 
=, 0000 
«0000 
.0000 
20:0 0.0 
.0000 
= 
~.0000 
“,0000 
“, 0000 
- 0000 
-.9000 
2.0000 
-.0000 
ΠΠ 
00 
-.0000 


~, 0000 
=. 0000 
211111] 
-.0000 
e, HUDD 
“, 0000 
‚0000 
‚0000 
‚0000 
‚00900 
0009 


3 1 ፄ የ 1 


ο -] Ὁ 


-122- 


GD 


‚0600 
1:265 
2177.8 
‚2164 
‚2483$ 
"2759 
“5002 
~ $222 
‚5423 
. 5607 
29777 
«9995 
. 4083 
14222 
20352 
4475 
4,4591 
. 4700 
. 4804 
. 4902 
. 4995 
. 2 083 
.5167 
«2846 
2522 
«2994 
PLI 
2:2 9865 
2909 
296406 
τυ; 
‚27554 


“2005 
25520 
2694 


‚2956 


.2976 


.6013 
. 6048 
‚6081 
‚6112 
‚6140 
„6167 
.6192 
.6215 
‚6256 
‚6255 
‚6273 
‚6289 
‚0308 


а 


00. 


-.00 
55110) 


-.00 er 


5.70 
в” 00 
መ.) 
-.00 
-. 00 


EL 


-.00 
τη 
Sas Ü Ü 
ποθ 
59111] 
-.00 


10:0 
-.00 


-.00 
-.00 
e, DD 
e, UU 
e DD 


REL ÆY N LLA ΠΧΡΙΕΠΕΘΙΣ ١٩١ 27 ٣ 


- 1/60(08). ANGLE | 


106.6009 
17.9999 
15.0004 


12.1002 
1 6 
.10.4504 
9.8568 
9.3131 
78. 8501 
8.4572 
8.1003 
۸۰۹6 
7.4896 
ህን ጋጋ 
6.9840 
6 7O1 
6.5574 
6.35682 
6.1926 
6.0294 
μπω "تت‎ 
5.7354 
5.6028 
2.4787 
2:32 
5.2555 
ЭТЭ 
ጋ... 
4.9653 
4.8808 
4.6014 
4.7258 
4.6568 
4.5912 
4.5297 
4.4721 
4.4191 
4.5678 
4.5207 
4.2770 
4.2563 
4.1905 
4.1656 
4.1515 
4.1019 
4.0750 
4.0504 
4.02903 
4.0054 


13.2944 


—— - ас: 






- 180 ات‎ 
ا),1780-‎ 
- 80, 
180.00, 18 
“187 
-180.00 
-180.002 和 
-180.00 
)داي‎ 
.ጨ 2180.7 
-180 ο) 
- 3486/0 DIU 
7180.00 m 
-180 300 
ποπ ο 
-180. 0098 
- 1800700 
-180.00 
-180.00 — 
-180.00 
- 180700 
47180. 05 ال‎ 
- 180 506 
-180.00 
-180.00 48 } 
“Өй 3000 
“4568077886 
- 180. 0S 
- 2780 . ٢ 
απ 
-180.00 от 
“La 00 
~ 9067018 
- 18000 
-180.00 
180.00 
-180.00 ο 
- 160.00 
-180.00 
-160.0 0E 
-180.00 
"ου οὐ 
“180.00 
- 150m979 
-180.00 
-180.00 9 
- 90 080 
-180.00 
-180.00 . 
“190.00 


Еч2,25 
9 520 
። ولو‎ 


Í  .505 





e 





‘mt 4 т 1 BH 


4 


IMAG 


0000 
0000 
0000 
0000 
0000 
0000 


ی 
CH‏ 
نم 
CH‏ 


0000 


CH 
CH 
CH 
co 


0000 
0000 
0000 
0000 


‚0000 


0000 
0000 
0000 
0000 


-.0000 


° 

° 
- 

% 


t t 


ቆ 


0000 
0000 
0000 
0600 
0000 
0000 
0000 
0000 
0000 
0000 


0000 


0006 
0000 
0000 
0000 
6000 
0000 


-.0000 


% 


9 
ማ 
т ۰ 


. 0600 


0600 
0000 
0000 
0000 
0000 
6900 
0000 
0000 
0000 
0000 
0000 


«2956 
9990 7 


«0849 
‚5818 
“ወ 7 
25755 
25722 
ጋ 9 
2655 
2621 
‚5586 
«9550 
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— 





PHASE 41/00 (08) 
wee Oy 998 
= 0 0 3975 3 
)7ه‎ ) 3.9619 
s00 ته‎ бе. 
ED 3.9412 
m0 0 5.9358 
ж= 0.0 5.9283. 
2200 5.9246 
>. 00 359227 
ο μμ ጋረ 
е ГІ) 5.9241 
2.00 5.9274 
= 270104, no a OPES, . 
“μοῦ 5.9399 
8070 3.9470 
.. 00 5.9567 
Sec H 549600 
. 00 3.9808 
. 00 _ 3.90 
00 4.0108 
=. 0-0 2.0200 
500 4.0467 
Se HU 4.0667 
=. 00 4.0862 
- 0 4.1111 
<0 0 4.1553 
οὐ 4.1610 
ο ου 4.1890 
.00 4.2165 
“00 4.2460 
200 4.2770 
«00 4.5095 
mn 4.3429 
26፡0 ሀ 4.3779 
-.00 4.4162 
. 00 4.4517 
-. 00 4.4906 
NEU 4.5508 
= 00 4.5723 
CERE 4.6150 
Gesi) 4.6591 
οὐ 4.7045 
EU aa all 
οὐ 4.7991 
«00 4.8464 
”.00 4.8990 
-.00 4.9509 
e, UD 5.0041 
00 5.0587 
- ,00 2.1146 


` ANGLE 





а —  - 


. مص جص 


一 一 一 ——ə 


= L800 0 
-180.00 
-180.00 
«aom 0 — — 
-180.00 
-100.00 
сете 0 0- 
= 276100 0 
-180.00 
s180m00- —— 
- 100500 
ος. ος 
NONO DE 
«98060010 
“189. 00 
sí" 00 εν 
- 000وا‎ 
"156.00 
160.00 
“480.00 
“180.00 
>1 ዘበ 00 ! 
-180.00 
=1 80. 00 
=190. 00 
- 160. 00 
-160.00 
=1 Or. 0G 
-180.00 
-180.00 
-160.00 
= 80070 
- du ος 
= 5006800 ` 
= 180 00 
> 220605 00 
~ 280.00 
-180.00 
- 100R 00 
"480. 08 
-180.00 
-180.00 
-180.00 
- 180 ος 
- 160 00 
-180.00 
-150.00 
-19 07700 
-180.00 / 7 
-180.00 





一 一 = RELAY WITR HYSTERESIS AND DEAD ZONE 


A8 =1.0 
R REAL IMAG GD PHASE . 1/GD2(D8) ANGLE 
.500 „551$ -.0000 395135 -.00 5.1718 -180.00 © 
. 495 ,5476 -.0000 ‚„ бар 6 -.00 5.2304 -180.00 
.490 25439 -.0000 5430 = 00 5.2903 -180.00 
S4 Be 5400 . -.0000 .5400 -.00 5.3516. -180.00 8 
.480 .5361 -.0000 (89/6 1 -.00 5.4143 -180.00 
„475 ‚55422 -.0000 2322 -.00 5.4784.  -180.00 
‚470 „50862 - 0000 .5282 -.00 5.5439 “160,002: E 
. 465 .5242 -.0000 . 29 == Ode 7985 -180.00 
. 460 5200 -.0000 25200 -.00 5.6792 -180.00 
455 51546 -.0000 5159 -.00 5.7490 -180.00. Ж 
‚450 SM -.0000 δη αν) -.00 5.8202 -180.00 
‚445 ‚50744 -.0000 „5074 -.00 5.8930 -180.00 
„440 „5031 -.0000 .5031 -.00 5:9672 -180.00 . 
. 435 ,4987 - , 0 ‚4987 -.00 6.0450 -180.00 | 
450 ‚49434 ۸.0 .4943 -.00 6.1203 -180.00 
425Е---,-.,4898. -.0000 .4898 -.00 6.1992 -180.00 
.420 ‚4853 -.0000 „48653 -.00 6.2797 -180.00 
‚415 . 4807 -.0000 ‚4807 -.00 6.3617 -180.00 
.410 ‚4761 -.0000 ‚4761 -.00 6.4454 -180.00 
‚405 715 -.0000 247.5 -.00 6.5308 -180.00 
.400 ,4668 -.0000 . 4668 -.00 6.6178 -180.00 
‚595 په‎ 2 0 -.0000 „4620 -.00 6.7066 _ “360002 
. 390 .4572 -.0000 4572 -.00 2 24 -180.00 
565 „4524 -.0000 „4524 -.00 6.8893 -180.00 
ОВО 75 “,0000 4475 -.00 6.9834 -180.00 
‚575 ‚4426 -.0000 ‚4426 -.00 7.0794 -180.00 
©5370 „4577 -.0000 9857 7 -.00 7.1992 -180.00 
‚5365 „4427 -.0000 ‚ 797 -.00 7.2709 -180.00 Ἢ 
. 360 .4276 -.0000 „4276 -.00 7.3786 -180.00 
‚555 . 4226 -.0000 . 42256 -.00 7.4822 -180.00 
. 350 ‚4174 -.0000 .4174 -.00 7.5880 -180.00 
.345 ‚4123 -.0000 24123 -.00 7.6958 -180.00 
WEN 9071 ~.0000 .4071 -.00 7.8057 -180.00 
‚535 ‚4019 -.0000 ‚4019 -.00 7.9179 -180.00 
2859 ‚5966 -.0000 . 5966 -.00 8.0323 -180.00 
. 325 . 3913 -,0000 . 3913 -.00 8.1489 -180.00 
. $20 . .$860 -.0000 . 5860 -.00 8.2680 -180.00 ` 
S15 . 5807 -.0000 . 5807 -.00 8.3894 -180.00 
316 23753 -.0000 57/5 -.00 8.5134 -180.00 
Е 505 2.3698 -.0000 . 5698 -.00 8.6399 -180.00 . 
. $00 КҮЛІ -.0000 „5644 -.00 8.7690 -180.00 
‚295 . 3589 -.0000 ‚5589 -.00 8.9008 -180.00 
‚290 „3534 -,0000 „3534 -.007 9.0354 -180.00 W 
.265 . 3478 -.0000 . 3478 -.00 9.1728 -180.00 
‚280 ‚ 3422 -.0000 „3422 -.00 9.3132 - 160.00 
„275 222966 -.0000 3566 -.00 9.4567 -180.00 ` 
Ον لادد وس‎ -.0000 „3310 -.00 9.6033 -180.00 
‚265 „4259 -.0000 . 3253 -.00 9.7531 -180.00 
WEN ο -.0000 ‚34197 -.00 9.9963 -180.00 
2855 3439 -:08000 23139 e, DD 10.0630 -180.00 
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== | RELAY WITH HYSTERESIS AND DEAD ZONE 





А/В 42.0 

R REAL IMAG GD PHASE 1/GD(DB) ANGLE 

NE .::0 -:-..,3082 -.0000 .$082 5.00 10 22.2፡:መመጨር: ον 

«245 . 3024 -.0000 $024 -.U0  —T1050587: τση 

‚240 «2966 -.0000 .2966 Dr 0 πο - 07700 

1 5 .2908 -.0000 .2908 ee 

250 .2850 -.0000 .2850 -.00 10.9053 -180.00 

.225 .2791 -.0000 .2791 --00 à— 11.0858 . EDD 

.220 ው -.0000 12732 5-0 OS ee ος. ος 

‚215 ‚267$ -.0000 «2675 -.00 11.4586  - 0 

.210 .2614 -.0000 .2614 -.00 11.6533 -180.00 

8205: دوه‎ -.0000 ው -.00-—11.8539- gon 

200 . 2495 -.0000 2495 7700" —719mgbB5 "30897680 

«1495 2435 -.0000 2435 -.00.. 12.2095. Mag p 

ιού. 2575 -.0000 92578 -.00 12.4864 . -180.00 

.185 2515 -.0000 2549 -.00 22.7096 000 

x .180 «2254 “,0000 2254 -.00 ^ 12.9394 " -180.00 
E 75 ‚2194 -.0000 .2194 > 00 12.1 /6/ መር DITE 

| «170 2223 -.0000 242: 00. 913.4202) ΠΡ 

165 .2072 -.0000 2072 -.00 13.6720  -180.00 

EZ VL. 2911 -.0000 2011 = 0 Ot 5.952 0 2 7 71 

N55 1950 -,0000 1950 -.00 — 14.2008 ስር) 

.150 .1888 -.0000 1888 -.00 14.4788 -180.00 

B 5e 1827 -.0000 .1827 -.00 — 14.7667 — -180.00 

«140 “765 -.0000 DITE -.00 15.0652 -180.00 

4735 PSU -.0009 .1703 -.00 — 15.3750: “СІБЕ 

MU 1641 -.0000 .1641 -.00 45.6970 eed 80.00 

225 11279 -.0000 «1579 -.00 16.0520 -180.00 

.120 51217 -.0000 po -.00 16.3812 -180.00 

ЕЕ 115 .1455 “,0000 ።1 -.00. 16.7457 ርጋ ወክ 

.110 EE -.0000 .1392 -.00 17.1268 ΕΠ 

.105 4123! -.0000 «1550 -.00 17:5262 ሚመ ከከ 

E 0 . 1267 -.0000 „1267 -.00 17.9455 -180.00 

. 095 ‚1204 -.0000 .1204 -.00 18.3867 -180.00 

.090 ን -.0000 1141 "00 18.8523 ШИ 

NC —.085 51078 -.0000 1078 -.00 19.3449 -180.00 

| .080 22019 -.0000 OMS -.00 19.8679 -180.00 

«075 BOISE -.0000 «0952 -.00 20.4251 -180.00 

.070 ‚0889 -.0000 .0889 7.00 mm 21.0212. ООО 

«065 . 0826 -.0000 ‚0826 -.00 21.6619 -180.00 

x .060 «0765 -.0000 .0763 -.00 22.3545 -180.00 

E" —.055 ‚0699 -.0000 ‚0699 - ,00 23.1077 99 o 

| ‚050 .0636 -.0600 . 0636 -.00 | 23.9858 -180.00 

| . 045 .0572 -.0000 10574 -.00 24.8464 -180.00 
"5፦ሁፁሱራ .040 . 0509 -.0600 ‚0509 ~, 0055 25.8676 180 m 

ول 27.0258-007%.- . 0445. 0000.- 0445‚ 035 . 

| ‚050 ‚0582 -.0000 ‚0382 00 26.3 οἱ 

የሎ. 25 .0318 -.0000 0318 -.00 29.9457 180.00 

. 020 . 0255 -.0000 .0255 -.00 31.8530 -180.00 

«0415 ΠΟ; -.0000 ‚0191 6000 34.5810 160.00 

m .010 04327 -.0000 .0127 700 37.9023. -280.00 

| 4005 ‚Чай ~, 0000 .0064 -,. 00 45.9825 „150,00 


ο... = لت‎ Hie 


APPENDIX VI 


Relay With Deadzone 


This nonlinear device is commonly used to stabilize 
systems having small variations. A possible use is in the 
main error channel of a control system where it is desired to 
control error with short bursts. When the error increases 
above a specified value the controller is turned on by the 
relay and the error is reduced to a value within tolerenceg 
The controller is then turned off and remains off Until the 


error once again exceeds tolerance, 
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Figure Vi-2 
= | 88 > 


RELAY WITH DEAD ZONE (NO HYSTERESIS) 





— 


1/GD(D8) R GD 

















к GD 1/GD(DB) 
1.000 ,0000-6153.0531 ,900 . 4995 6.0294 
998 7.0803 21.9029 898 _ .5031 5.9673 
‚996 ‚1133 18.9144 ‚896 . 5066 5.9069 
‚994 ‚1384 17.1753 ‚894 ‚5100 5.8482 
‚992 ,1594 15.9478 .892 ‚5134 5.7910 
‚990 „1778 15.0006 i .890 „5167 5.7354 
. 988 . 1943 14.2307 . 888 ‚5199 5.6813 
. 986 ‚2093 13.5832 ‚886 .5231 5.6287 
‚984 ‚2232 13.0253 ‚884 .5262 5,5774 
‚982 . 2362 12.5358 .882 .5292 5.5274 
.980 .2483 12.1003 .,880 | .5322 5.4787 
.978 .2598 11.7085 .878 „5351 5.4313 
‚976 ‚2706 11.3528 ‚876 5579 5.3852 

x .974 .2810 11.0274 .874 .5407 5.3402 
| ‚972 .2908 10.7278 872 „5435 5.2963 
| 970 ‚3002 10.4505 . 870 . 5462 5.2536 
| .968 . 3093 10.1925 .868 . .5488 5.2119 
‚966 „3180 9.9516 866 „5514 5.1713 
‚964 „3264 9.7258 864 „5539 5.1317 
‚962 ‚3344 9.5135 . 862 .5563 5.0931 
. 960 .3422 9.3132 .860 .5588 5.0554 
.958 .3498 9.1239 858 .5611 5.0187 
‚956 .3571 8.9444 856 „5634 4.9829 
‚954 ‚3642 8.7740 854 „5657 4.9480 
‚952 ΟΠΠ Ü) 8.6118 852 .5679 4.9140 
‚950 ‚3777 8.4573 ‚850 . 598 4.8808 
‚948 ‚3842 8.3097 848 SPE 4.8484 
.946 . 39 05 8.1686 ‚846 „5743 4.8169 
„944 ‚3966 8.0335 ‚844 ‚5764 4.7861 
‚942 4025 7.9040 842 „5784 4.7561 
. 940 .4083 72797 840 . 5803 4.7268 
. 938 „4140 7.6603 838 «5822 4.6983 
KK ‚4195 7.5454 ‚836 ‚5841 4.6705. 
934 ‚4249 7.4348 834 . ,5659 4,6434 
‚932 .4301 7.3283 ‚852 5877 4.6170 
οὐ .435: 7,2256: 830 .5894 4.5912 
‚928 ‚4402 7.1264 .828 .5911 4.5661 
‚926 4454 7.0307 ‚826 «5928 4.5417 
‚924 ,4499 6.9382 824 „5944 4.5179 
922 ‚4545 6.8487 822 . 5960 4.4947 
‚920 ‚4591 6.7621 ‚820 ‚5976 4.4721 
. 918 „4635 5.6783 818 „5991 4.4501 
‚916 „4679 6.5971 .816 .6006 4.4287 
.914 .4721 6.5185 814 .6020 4.4078 
‚912 „4763 6.4422 ‚812 ‚6034 4.3875 
198 0 .4804 6.3682 . 810 .6048 4.3678 
. 908 .4844 6.2964 .808 ‚6061 4.3486 
„906 . 4883 6.2267 ‚806 ‚6074 4.3299 
904 .4921 6.1590 ‚804 ‚6087 4.3117 
‚902 ‚4958 6.0933 ‚802 ‚6100 4.2941 
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RELAY WITH DEAD ZONE (NO HYSTERESIS) 













































































يم — 


„= - 


4.0752 О 


- “..«.(.-- -- 


8 GD 1/GD(D8) R GD 1/GD(DB) 
‚800 6342 4,2770 700 ‚6365 3.9241 
798 6123 4.2603 698 | .6364 - 3.9252 
.796 ‚6135 4.2442 ‚696 .6363 3.9266 
‚794 ‚6146 4.2285 ‚694 ‚6362 3.9283 
792 — 16497 — 4421-33 692 ,63561. 3.9302 
.790 .6167 4,1985 .690 ‚6359 4.99231 
.788 „6177 4.1842 "^ .688 „6357 3.9348 
Ee Bel BT 41704 71% 6352 3,9374 
‚784 ‚6197 4.1570 ‚684 ‚6353 3.9404 
‚782 ‚6206 4.1440 „682 ‚6351 3.9436 
. . -. ,760..  .6215 |. 4.13815 | 580. ... 5448 — ЖС 
.778 .6223 4,1194 .678 ‚6345 3.9507 
‚776 ‚6232 4.1076 ‚676 6343 3.9547 
22222121774 «6940 4,0964  .674 .6540 5,9589 
E275 ‚6248 4.0855 672 ‚6336 3.9633 
. 770 ‚6255 4,0750 670 6333 3.9680 
ШООК ОЕ. 7538 6263 4,0649 668 6329 3.9729 
766 6270 4.0551 ‚666 „6326 3.9781 
764 ‚6276 4.0458 . 664 6322 3.9835 
2222 .7602 «063 . 4,0369 |.  . .662. ..63817. . 3.9892 E 
‚760 . 6289 4.0283 .660 ጻ 3.9950 
‚758 6295 4.0201 ‚658 ‚6309 4.0012 
ЕЕ 77,756 6301 4.0122 — "656 -- 4.0075 
754 „6306 4.0047 ‚654 ‚6299 420441 
‚752 6333 3.9976 ‚652 ‚6294 4.0209 ` 
ee. 76516. 5.9908. => Нор πω у 4.0280 
‚748 Ж6321 3.9843 „648 ‚6284 4.0353 
‚746 .6325 | 3.9782 „646 ‚6279 4.0428 
ሽ 7h44 - «6560 í. 3.9725. وو‎ 4.0506 
ШЕР? 42 .6334 3.9670 ‚642 ‚6267 4,0585 
ἫΝ. 740 6337 3.9619 . 640 .6261 4.0667 
756 268541 39572 ”።ዳ]”›”ዖ›፡ :፡ ‚6255 
736 . 6344 3.9527 . 636 ‚6249 4.0838 
‚734 ‚6347 3,9486 634 ‚6243 4.0927 
. 772 .6350 3.9447 ‚632 ‚6236 4,1018 
730 ‚6352 3.9412 . 630 ‚6229 4 ΠῚ 
. 728 .6355 3.9380 .628 ‚6223 4.1206 
ን 726 EZ FOL oe πι 4.1304 
[72% ‚6359 3.9326 ‚624 ‚6208 4,1404 
‚722 ‚6360 3,9303 ‚622 ‚6201 4.1506 
E, DEE OT ‚620 6194 4.1610 
1772, 6363 5,9266 ‚618 ‚6186 4.1716 
‚716 „6364 3.9252 ‚616 ‚6178 4.1825 
714 5865 35.9241 4 6171 4.1935 
212 ‚6366 3.9232 ‚612 ‚6163 4.2048 
210 ‚6366 3.9227 ‚610 ‚6154 4.2163 
08 6566. -39224 —.W. ee eee cel Be RAR 
706 1.6366 5.9224 ‚606 ‚6138 4,2399 
‚704 „6366 3.9227 ‚604 ‚6129 4.2521 
ИЕ 702 2.5266 3.9233 οσο 4.2644 
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.600 
.598 
.596 
594 
‚592 
590 
.588 
,586 
‚584 
‚582 
. 580 
,578 
,576 
‚574 
‚572 
‚570 
‚568 
‚566 
„564 
.562 
‚560 
„558 
‚556 
‚554 
‚552 
‚550 
„548 
‚546 
‚544 
542 
‚540 
‚538 
556 
534 
‚532 
.5350 
,528 
.526 
524 
,522 
,520 
. 518 
‚516 
‚514 
‚512 
‚510 
‚508 
‚506 
‚504 
‚502 


* 


RELAY WITH DEAD ZONE 


GD 


‚6112 
‚6103 
‚6093 


6084 


.6075 4 


6065 


.6056 
.6046 
.6036 
.6026 
.6016 
.6005 
.5995 
.5985 4.4594 
.5974 


5963 


0292 c NR: 
5941 
‚5950 


991767۴ ‹ 


ουσ es 
‚5896 


.9761 

«9749 
‚5736 
5722 

‚5709 
-5696 « 
5682 4 
‚5669 


5655 ‹ 


‚5642 


5628 


5614 
‚5600 


5586 


‚2971 
.5557 
TELE 
49528 


1/GD(DB) 


4.2770 
4,2897 د 
4.3027 
4.3159 
4.3293 
4.3429 
4.3568 
4.3708 
4.3850 
4.3995 
4.4142 
4.4290 
4.4441 


4.4749 
4.4906 
4.5065 
4.5226 





4.5390 
4.5555 
4.5723 
4.5892 
4.6064 
4.6237 
4.6413 
4.6591 
4.6771 


4.6953 





4.7137 


4.73525 
4.7511 
4.770? 
4.7894 





4.8089 
4.8285 
4.8484 
4.8685 


4.8887 


4.909? 
4.9500 
4.9509 
4.9720 
4.9934 
2.0149 








5.0367 
5.0587 
5.0809 
5.1033 
9.1099 
5.1487 


uides 


‚468 


‚500 
‚498 
‚496 
‚494 

‚492 
‚490 
‚488 


‚4686____.5‹ 


‚484 
‚482 
. 480 
‚478 
‚476 
.474 
‚472 
„470 


‚466 
„464 
‚462 
. 460 


-,428 


«456 
„454 
‚452 
‚450 
„448 
‚446 
„444 
‚442 
‚440 
‚438 
„436 
„434 


‚432 


KE 
.428 


‚424 
‚422 
‚420 
‚418 
‚416 
‚414 
‚412 
«410 
‚408 
‚406 
: 804 
. 402 


„5167 
„5150 
‚5134 
„511 70 Ж 
Πιν. 
„5083 
‚5065 
„5048 
‚5031 
.5013 | 
. 4996 


“(NO HYSTERESIS) 


GD 


.5513 
| d OD ړدک‎ 
.5484 


‚5469 


2 。D454 


‚5439 
‚5423 


5408 Ἢ 
«24954 
‚53477 

.5561 _ Žž 


5346 | 
‚5530 
„5314__ | 


5298 - 
‚5282 
‚__.5266 

‚5250 
‚523$ 
νερο 0 





.5200 | 
‚5184 





‚4978 
4961 | 
‚494% 


‚4925 
‚426_____.4907 


‚4889 


‚4871 


‚4855 č 


‚4835 
‚4817 


‚4798 

‚4780 
‚4761 
474%. 


4724 


PM 
‚4687 





د —— 


1/GD(DB) 


5.1718 
5.1950 
5.2185 
5.2422 
/ 5.2662 
5.2903 
5.3147 
5.3392 
5.3640 
5.3891 
5.4143 
5.4398 
5.4655 
5.4914 








БРИК 
5.5439 
5.2705 
ο ροή” 
5.6244 
ر‎ 
5.6792 
5.7069 





5.7631 
5.7915 
5.8202 
5.8492 
5.8783 


5.9077 


5.9374 
5.9672 
5.9974 
670277 
6.0583 
6.0892 
6.1203 
6.1517 


6.1853 


6.225% 
6.2473 
6.2796 
6.5123 
6.5452 
5 -ت | 
6.4117 
6.4454 
6.4793 
6.51356 


E 2469 
‚5828 


τ. 













































































RELAY WITH DEAD ZONE (NO HYSTERESIS) | 
Е 
| ) 
R GD 1/GD(DB) R GD 1/GD(DB) ! 
"EE νν $ 
‚400 ‚4668 6.6178 . 300 . 3644 8.7690 l 
198 Ж 249 6.6231. 298 "3620 sr ር 
. 396 . 4630 6.6887 ‚296 . 3600 8.8742 | 
‚394 ‚4611 6.7245 ‚294 ‚3578 8.9275 
n ШШЕ ορ “ЧЕ 4592 6.7606 202 ,5556 | 8.9812 58 
. 390 .4572 6.7971 .290 | .3534 9.0353 
.388 ‚4553 6.8337 . 288 ‚34512 9.0900 | 
.3386 .4534 6,8707 286 ,3489 9.1451 (s 
. 84 „4514 6.9080 ‚284 ‚53467 9.2006 | 
‚382 ‚4495 6.9456 ‚282 5445 9.2567 | 
"80 4475 6,9834 _ „280 ,342 (0,3132 ШЕ 
1578 .4456 7.0216 .278 .3400 9.3702 
.376 ‚4436 7.0600 ‚276 5578 9.4277 
. 374 4416 | 7.0987  .274 ,3355 9.4857 T 
72 ‚4397 71 76 22 „3333 9.5442 
. 370 4577 951774 .270 . 3310 9.6032 
.368 4357 2205 7.2168 — DENEN. که‎ 3287 9.6628 222 
» 366 427 7.2568 ‚266 5265 9.7229 
‚364 84517 7.2970 ‚264 3242 9.7835 
EAD .4297 7.3375 .252 .5219 9.846466 . 
.350 „4276 7.3736 .260 „3197 9.9063 
„358 ‚4256 7.4198 ‚258 . 3174 9.9686 
6و ق.‎ 42256 7,4613 ,256 «ος MOM ፣ . 0 0 - 
‚354 4215 790932 .254 5128 10.0948 
‚352 ‚4195 7.5454 ‚252 75109 10.1587 
ο 8ه‎ 90 «4114 7.588... .250 082 1Η 
. 348 „4154 7.6308 .248 . 3059 10.2884 | 
‚546 24133 7.6740 .246 . 3036 10.3542 
____________,3444______,„4113____7.7176_______.._‚244____.301%____10 ЖААН 
‚342 2092 7.7615 ‚242 ‚2990 10.4876 
540 24071 7.8057 .240 . 2966 10.5552 
358 4050 7.855 AE ,2942: ІШТІМ А 
556 ‚4029 7.8953 .236 ‚2920 10.6924 
‚334 . 4008 7.9406 ‚234 .2897 10.7620 
332 . . ,3967 7.9862 ,232 ,2873 τι. L 
550 . $966 8.0322 .230 .2850 10.9033 
‚3428 ‚3945 8.0786 ‚228 ‚2827 10.9749 
326,3924 8.1254 226 2803 11.0473 L. 
324 3903 |. 8.1725 .224 .2780 11.1208 
. 322 . 3881 8.2201 . 222 .2756 11.1929 
.320 спади € 3.2580 τι 20 2733. 11.2688 L 
.316 . 5859 3.3153 8218 .2709 11.9999 
„516 . $817 8.3649 .216 .2685 11.4202 
314 («796 8,4140 7.14 «6» --ιι n 
‚312 3877.4 8.4635 . 212 ‚2638 11.5748 
510 ,3753 8.5134 .210 ‚2614 11.6533 
‚508 897 31 8,5636 ,208 - -2590---1-76 ዶ 
» 306 ‚3709 8.6143 .206 ‚2567 11.8128 
. 304 8687 8.6655 ‚204 ‚2543 11.8938 
‚302 .5666 8.7170 0፡0 . .2519 11 29757 ዯሪክክ 


መ ው 7... — — 1 


----.-.----------- νι 一 一 -一 ae 一 


RELAY WITH DEAD ZONE (NO HYSTERESIS) 


R GD 1/GD (DB) R GD 1/GD(DB) 
‚200 „2495 12.0585 ‚100 ‚1267 17.9454 
.198 .2471 12.1422 .098 .1242 18.1192 
196 ‚2447 12.2268 096 , 7 18.2966 
‚194 ‚2423 12.3124 ‚094 .1192 18.4778 
‚192 . 2399 12.3989 092 .1166 18.6629 
‚190 2575 12.4864 090 .1141 18.8523 
.188 .2351 12.5749 088 1С 19.0459 
186 .2327 12.6644 086 .1091 19.2441 
.184 . 2303 12.7550 084 .1066 19.4470 
.182 .2279 12.8467 082 .1041 19.6548 
‚180 ‚2254 12.9394 080 .1015 19.8679 
.178 „2250 13.0332 078 .0990 20.0864 
‚176 ‚2206 13.1282 „076 .0965 20.3107 
‚174 ‚2182 13.2243 ‚074 .0940 20.5410 
1/7? 72457 13.3216 7» .0914 20.7777 
‚170 . 2133 13.4202 .070 .0889 21.0212 
‚168 ‚2109 13.5199 068 . .0864 21.2717 
‚166 ‚2084 13.6210 066 ‚0839 21.5299 
164 „2060 13.7233 064 ‚0813 21.7960 
162 2045 13.8270 062 .0788 22.0707 
‚160 ‚2011 13.9320 060 . .0768 22.3544 
.158 .1986 14.0384 058 ‚0737 22.6479 
2155 .1962 14.1463 056 .0712 22.9517 
154 91097 14.2556 ‚054 . 0687 23.2666 
152 τοις 14.3664 052 .0661 23.5935 
‚150 ‚1888 14.4788 "050 0636 23.9333 
148 .1864 14.5927 048 .0610 24.2870 
‚146 ‚1839 14.7083 046 0585 24.6558 
‚144 .1814 14.8255 044 0560 25.0412 
E142 "1790 5 042 ‚0534 25.4445 
ZEN .1765 15.0652 040 0509 25.8675 
.138 .1740 13.1877 ‚038 0483 26.3124 
„156 IIS Saeed 036 «0458 26.7814 
‚134 ‚1691 15.4584 „034 „0433 27.0242 
21 32 .1666 15.5667 032 .0407 27.8032 
2130 .1641 15.6969 »030 £0382 28.3633 
‚128 ‚1616 15.8293 .028 .0356 28.9620 
.126 .1591 15.9639 026 .0331 29.6053 
‚124 .1567 16.1007 ‚024 .0305 30.3001 
‚122 ‚1542 16.2397 022 ‚0280 31.0554 
„120 πριν 15.581} ‚020 .0255 31.8829 
2118 .1492 16.5250 .018 .0229 32.7977 
‚116 ‚1467 16.6715 ‚016 ‚0204 33.8205 
.114 ‚1442 16.8205 «014 «0178. 34.9801 
2 112 16.9723 2012 ο δς 36.3188 
‚110 ‚1392 17.1268 010 ‚0127 37.9022 
.108 ‚1367 17.2843 20:08. ΠΡ 39.8403 
(106 .1342 17.4447 .006 .0076 42.3389 
‚104 .1347 17.6084 Lt : 0054 45:8607 
„102 4292 17.7752 .002 .0025 51.8812 
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APPENDIX VII 


Deadzone 


Deadzone is often an inadvertant and undesirable nonlin- 
earity in servosystems. In general it contributes to instabil- 
ity but could be used to reduce or eliminate small oscillations 


in error Signals. 


e 
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Figure VII-1 Dead Zone 
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DEADZONI 


-136- 











DEADZONE 



































R GD 1/GD(DB) _R GD 1/GD(DB) 
1.0000 .0000 . 9000. .0374 — 28.5460 
.9980 | .0001 79.4536 .8980 -.0385 28.2907 
.9960 .0005 70.3809 .8960 .0396 28.0404 
.9940 .0006 65.0898 8940 04086 27.7949 
.9920 | .0009 61.3396 .8920 «0419 27.5541 
.9900 .0012 58.4325 82000 ШЕ лж oc 
.9880 .0016 56.0582 .8880 .0442 27.0856 
.9860 | .0020 54.0515 .8860 .0454 26.8577 
19840 :0024. 5275136 8840 .0466 26.6338 
.9820 .0029 50.7812 88209 П4/8 7 26 4138 
.9800  .0034 49.4107 .8800 .0490 26.1975 
.9780 .0039 48.1713 87865 .0502 25.9849 
.9760 .0044 47.0400 .8760 «0514 25.7758 
.9740 | .0050 45.9996 .8740 | .0527 | 25.5700 
.9720 | .0056 45.0365 ` .8720  .0539 25.3675 
.9700 | .0062 44,1401 .8700 .0552 25.1683 
.9680 .0068 43.3018 .8680 .0564 24.9721 
.96560. ,0073. 42,5145 .8660 .0577 9 
.9640 | .0082 41.7723 .8640 .0590 24.5886 
.9620 00868 41.0705 .8620 - .0602 24.4011 
.9600 .0095 40.4047 .8600 .0615 24.2163 
.9580 .0103 39.7717 8580 .0628 24.0343 
.9560 .0110 39.1681 .8560 .0642 23.8548 
.9540 .0118 38.5916 .8540 .0655 23.6778 
.9520 «0125 38.0397 .8520 .0668 23.5033 
.9500  .0133 37.5105 «6500 .0681 23.3311 
9060  .0141 37.0021 „6480 0695 ۷9 
.9460 .0149 0 «6460 .0708 22.9937 
.9440 .0158 36,0418 .8440 «0722 22.8283 
.9420 10166 35.5872 .8420 | .0736 22.6651 
.9400 .0175 35,1482 .8400 .0750 22.5040 
.9380 0184 34.7236 .8380 .0763 22.3449 
.9360 0192 54.3126 „8560 --027 EN Pu 
.9340 .0202 33.9143 .8540 «0791 22.0326 
.9320 .0211 33.5280 .8320 .0805 21.8793 
9300. .0220 33.1530 .8300  .0820 21.7279 
.9280 .0229 32.7886 .8280 «0854 21.5782 
.9260 | .0239 32.4343 .8260 | .0848 21.4304 
.9240 .0249 32.0895 «8240 .0863 21.2842 
.9220 | .0258 7 Μα 0877 ο σε 
.9200 .0268 31.4265 .8200 .0892 20.9970 
“9160 .0278 31.1075 8180 .0906 20.8558 
.9160 .0289 30.7962 «6160 .0921 20.7162 
.9140 .0299 30.4923 .8140 | .0936 20.5781 
.9120 : .0309 30.1954 ‚8120 .0950 20.4415 
.9100 .0320 29.9053 .8100 .0965 20.3064 
“9080 20530 29.6216 .8080 .0980 20.1728 
.9060 .0341 29.3441 ,8060 .0995 20.0405 
.9040 .0352 29,0725 «8040 .1010 7 
.9020 .0363 28.8065 «6020 .1026 19.7802 


ace 


D E A DAUNE 



































0 — ..——ul....1/GD(Dgp) EE η. (DB) а 

8000 51041 19.6520 . 7000 ‚1881 14.5113 

ГОВ AEM ο ο CC EL «1899 — Tad 2M, 

‚7960 072 19.3996 ‚6960 .1918 14.3445 

.7940 .1087 19.2753 ‚6940 ‚1936 14.2620 

‚7920 ΠΠ 19.1522 6920 1 19545 44 1880 

.7900 STIB 19.0303 .6900 .1973 14.0986 

.7880 .1134 18.9096 ‚6880 ‚1991 14.017 
. 72860. - «1149 18,7901... LTE 

7840 ‚1165 16-07 ‚6840 ‚2028 13.8575 

. 7820 .1181 18.5544 ‚6820 ‚2047 13.7783 
ο ο ο ες 6800 2066 | 138.6995 

.7780 213 18.3232 .6780 .2084 13.6212 

.7760 .1229  .18.2091 ‚6760 2103 13.5435 

2740. .1245 18,0961 6740 . .2122 13.4562 БЕ 

.7720 .1261 17.9841 ‚6720 ‚2141 13.3894 I 

7700 E1227 2 8732 .6700 ‚2159 13.3132 

1/580 5771294 917.7652 ፦ራ ቀ- ገ፡ ....:! 2178 | 13.2374 ЖШ 

.7660 1810 17.6542 .6660 "2097 13.1620 i 

.7640 "13526 17.5461 ‚6640 ‚2216 13.0872 ‹ 
БЕТТЕ 722000001343 5717 4590 6620- بب‎ 255-1302 ΓΕ 

.7600 .1459 1. 34528 . 6600 ‚2255 12.9389 

. 7580 .1376 17.2275 ‚6580 ‚2274 12.8654 

7560 «1597 — 17.1231 | | |  .6560 2293. 12.7924 Γ 

7540 ‚1409 17.0196 ‚6540 НЭ здра 12.7198 

.7520 .1426 16.9169 ‚6520 529531 12.6476 

7500  .1445 16.8151 EDD .2351— 12.5759 መ 

.7480 .1460 16.7141 ‚6480 2370 12.5046 | 

. 7460 1477 16.6140 ‚6460 ‚2390 12.4337 
o ooo 27440... 4.1494 . 16.5146 Ed .2409 12.3685 E 

7420 ENS 14 E ol ‚6420 ‚2428 12.2933 

.7400 .1528 16.3183 .6400 ‚2448 12.2236 
735809874545 16:221: 6380 2468 12.1544 "WI 

„7360 ‚1562 16.1251 „6360 2467 12.0856 | 

7340 ‚1579 16.0296 ` , 640 ‚2507 12.01 | 
472320 ..1997. 15.9349 .  .——— .6320. 9,2527 πο Ὸὅ 

7500 .1614 15.8409 ‚6300 ‚2546 11.8815 

‚7280 .1632 15.7476 ‚6280 ,2566 11.8142 

‚7260 .1649 15,6550 6260 .2586 11.7473. SIS 

.7240 .1667 15.5631 ‚6240 .2606 11.6808 | 

.7220 | .1684 15.4719 ,6220 .2626 11.6147 | 

7200 «1702 15.3814 ,6200 ,2646 11.5489 

.7180 ‚1720 15.2915 ‚6180 ‚2666 11.4835 

. 7160 1737 15.2023 ‚6160 ‚2686 11.4184 
ы 7140 ШО 1755 ШЕ 5,149 6140 .2706 | 311.3537 Ἢ 

7120 775 15.0259 .6120 .2726 11.2894 

. 7100 "1791 14.9386 ‚6100 ‚2746 11.2254 
____________,‚7080___,‚1809___14,8519________,‚6080 .2766__11.1618 ΙΝ 

7060 ‚1827 14.7659 ‚6060 ‚2787 11.0984 

©7040 ‚1849 14.6804 | ‚6040 2807 11.0355 

2020. ,1663 14,5956 6020رت‎ ,2827 10,9728 E 
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о GD 
.6000 38 
.5980 — .2868 
.5960 38 
.5940 .,2909 
.5920 «2909 : 
.5900 0 
.5880 ,2970 
.5860 — .2991 
.5840 2 
.5820 .3032 
.5800 — .3053 
.5780 ,3074 
.5760 .3095 
.5740 6 
S720 ፡፡1:6 “πὶ 
7000005127 
. 5680 7 
.5660 9 
.5640 0 
«5620 — .3241 
.5600 2 
.5580 .3283 
.5560 — .3305 
S540 ЫН ТІ 
.5520 .3347 
.5500 .3368 
.5480 940 
25460 .3411 
„5440 .3432 
15420 4 
«5400 .3475 
«5980 «5496 
.5360 .3518 
5540 — .3539 
.5320  .3561 t 
5300 = 3565 : 
.5280 4 
.5260  .3626 
.5240 ,3646 | 
.5220 .3669 
«5200 .3691 ! 
160 e715 
P5160 08 13735 
29140 ШК 5/55 ШЕ 
(5120 993778 س‎ 
.5100 ,3800 
.5080  .3822 
.5060 044 
.5040 .3866 
.5020 .3888 














‚3178 





————— M 


10.9105 
_ 10.8486 
10.7869 
10.7256 
006646 | 
10.6039 





10.5435 


10.4834 
1054236 
10.3642 
د‎ S050 
10.2461 
10.1876 
6 10.1293 
10.0713 
ШІ), 01356 
9.9562 
9.8990 
9.8422 
22 9.7856 
9.7293 
9.6733 
0.6175 
9.5620 
9.5068 
9.4518 




















9.3971 
9,5426 
9.2884 
9.2345 
9.1808 
9.1273 
9.0741 
9.0212 
8.9685 
8.9160 
8.8658 
8.8118 
8.7600 
6. Z085 
8.6572 
8.6061 
8.959592 
8.5046 
8.4542 
8.4040 
8.3541 
8.3044 
8.2548 
8 2055 
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(R GD 1/GD(DB) 
.5000 .3910 8.1564 
ου. πε» نټ اسوه‎ 
.4960 .3954 8.0589 
.4940 ,3976 8.0104 
.4920 .3998 7.9621 
. 4900 021 7.9141 
.4880 3 7.8662 
.4860 | .4065 7.8186 
.4840 .4087 NDS TT 
«4800 40924 7.7239 
.4800 .4132 7.6768 
4780 4 7.6299 
„4760 9983.77 7.5833 
4740. ,4199 7,5368 
.4720 .4222: 7.4905 
4700 .4244 7.4444 
.4680 7 7.3985 
.4660 .4289 7.3528 
4640 .4312 7.3073 
„4620 4 7.2619 
.4600 7 72757 
.4580 ,4379 Tai? 
.4560 2 7.1269 
.4540 5 7.0823 
„4520 7 7.0379 
45500. ,4470 6.9936 C 
,4480 .4493 6.9495 
«4460 ,4516 6.9056 
‚4440  .4538 6.8618 
.4420 .4561 6.8182 
«4400 .4584 6.7748 
,4380 | .4607 6.7316 
.4360 ٨0 6.6885 
64340 35 6.6456 
.4320 | .4676 6.6028 
.4300 .4699 6.5603 
.4280 2 6.5178 
.4260 5 6.4756 
.4240 38 6.4335 
.4220 ,4791 6.3916 
.4200 — .4814 6.3498 
4180 7 6.3082 
«4160 0 6.2667 
.4140 — .4883 6.2254 
141209899729 07 6.1842 
.4100 .4930 6.1432 
.4080 .4953 6.1024 
,4060 6 6.0617 
64040 0 6.0212 
64020 3 5.9808, 


ከ ውዬ 








































































































H ` αρ . 1/GDLCDB) REI . 
.4000 „5046 5,9405 . 3000 ‚6238 4.0986 
75080 مته‎ 5,9004 2980 .6263 4.0648 9 
. 3960 5093 5.8605 ‚2960 ‚6287 4.0311 
.3940 .5116 5.8207 .2940 бы 3.9976 
3920190 5,7810 2920 ‚6336 3.9642. — AM 
. 3900 „5164$ 5,7415 . 2900 . 6360 8.9308 
3880 5187 5, 7023 ‚2880 6384 3.8976 
_ .:860 7.52910. 5.6629 2860 6409 3.8645. а 
„3840 „5234 5.6238 .2840 .6433 3.8314 
. 3820 .5257 5,5848 .2820 ‚6458 3.7985 
.5800 .5281 5.5460  ,2800 .6482 3.7657 ШЫ 
.3780 „5304 5.5073 .2780 ‚6507 3.7330 
. 3760 ,5328 5.4688 .2760 ‚6531 3.7004 
.3$3740___,5352___5,4304___________,‚2740___,6555 3.6679 
S3720 ,5375 5,3921 #2720 ,6580 3.6355 
.3700 5399 5.3540 2700 ‚6604 3.6032 
.3680 .5422 5,3160  ,2680 ,6629 3.5710 5 
. 3660 .5446 5,2782 .2660 .6654 3.5389 
. 3640 .5470 5.2404 ‚2640 ‚6678 3,5069 
35620. ,5494 . 5,2028 «2650 .6703 3.4750 “E 
. 3600 .5517 5.1654 .2600 86727 3.4432 
. 3580 „5541 5.1280 . 2580 ‚6752 3.4115 
.3560 .5565 5,0908 | | .2560 ‚6776 3.3799 ` 
. 3540 .5589 5,0538 .2540 .6801 5.3484 
. 3520 „5615 5.0168 ‚2520 ‚6826 3 . 3⁄49 0 
2.3500 .5636 4.9800 .2500 | .6850 3.2857 3 
.3480 .5660 4.9433 .2480 .6875 3.2545 ፲ 
. 3460 „5684 4.9067 ‚2460 „6900 „3.22 1 
3440. ,5708 | 4,8703 «2440  .6924 31924-٢0002 
5420 „5732 4,8339 ‚2420 ‚6949 3.1600 | 
‚3400 „5756 4.7977 .2400 ‚6974 3.1306 
PUYU UU .- ስ... 518 4.7617 2580 .6999 3.0998 _ I 
.3360 „5804 4,725] ‚2360 7026 3.0692 
“3340 ‚5828 4,6899 ‚2340 ‚7048 3.0386 | 
К зп ШЕ 7, ΝΡ 23206 سل‎ 3.0082__ T а 
.3300 .5876 4.6186 .2300 .7098 2.9778 | 
.3280 .5900 4.5831 .2280 271.22 2.9475 
ПЕЛЕ ,3260 .959924 4 .5477 2:2.) „149 9.9175 --- 
‚3240 ‚5948 4,5125 .2240 ‚7172 2.8872 
.3220 5972 4.4774 ‚2220 ‚7197 2.8572 
__________.з3200 -.,995  4.4424 200. .7222 2,8275 
. 3180 .6020 4.4075 ‚2180 ‚7246 2.7975 | 
. 3160 ‚6045 4,3727 ‚2160 E7271 2.7677 
3140 ,6069 4.3380 2140 .7296- 2.7531 ጨመ 
9120 6093 4,3035 ‚2120 ED Sc 2.7085 
. 3100 Po117 4.2691 ‚2100 7346 2.6790 
1666. 141 4,233 Ë 2080 7371 2.6496 ጨበ 
. 3060 ‚6166 4.2005 ‚2060 ‚7396 2.6203 
„3040 ‚6190 4,1664 „2040 174217 2.5911 
ከው. eee 5020 6214 #4,4324 42020 .7446 2,5619 ША 
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n GD 1/GD(DB) R _GD 1/GD(DB) 
.2000 87473 2.5329 100 ‚8729 1.1808 
.1980 ټ‎ 756 2.5039 | ,0960 - .8754 1.1556 
.1960 .7521 2.4750 ‚0960 . 8780 1 1605 
.1940 ‚7545 2.4462 ‚0940 ‚8805 1.1055 
1920 ‚7570 2.4175 .0920 .8830 1.0805. 
.1900 .7595 2.3889 .0900 ‚8856 1.0556 
. 1880 . 7620 2.3603 ‚0880 ‚8881 1.0308 
‚1860 ‚7645 2.3319 .0860 .8906 1.0060 
.1840 671 2,3035 ‚0840 ‚8932 ‚9813 
1820 ‚7696 2.2752 0820 ‚8957 ‚9566 
‚1800 #7721 2.2470 ‚0800 ‚8982 ‚9321 
.1780 . 7746 2.2188 .0780 . 9008 ‚9075 
‚1760 -7771 2.1908 ‚0760 ‚9033 ‚8831 
‚1740 ‚7796 2.1628 ‚0740 ‚9059 ‚8587 
‚1720 .7821 2.1349 m0 720 «9084. 6344 
E1700 ‚7846 21071 .0700 .9109 .8101 
1680 7874 — — 2.0293 ‚0680 ‚9135 . 7860 

1660 . 7896 2.0517 . 0660 . 9160 .7618 
1640 2792 2.0241 ‚0640 ‚9186 . 7378 
1620 .7946 1.9966 .0620 „91 . 7138 
1600 ‚7972 1.9692 ‚0600 "ρω ‚6898 
‚1580 ‚7997 1.9418 . 0580 .9262 . 0ه‎ 
‚1560 ‚8022 1.9145 ,0560 .,9287 .6422 
.1540 .8047 1.8873 .0540 .9313 ‚6184 
.1520 .8072 1.8602 ‚0520 „9338 „5947 
"1500 .8097 15532 .0500 .9364 SOS 
.1480 7812) 1.8062 ‚0480 . 9389 .5475 
.1460 ‚8148 1.7793 ‚0460 ‚9415 . 5240 
.1440 ‚8173 1.7525 ‚0440 .9440 .5006 
.1420 .8198 1.7257 .0420 ‚9465 ΣΕ 
2.1400 ‚8225 1.6991 ‚0400 01491 ‚4539 
413860 .8249 1.6725 0580 — .9516 τ. 
‚1360 .8274 1.6460 «0260 «0542 7.4075 
‚1340 ‚8299 1.6195 .0340 ‚9567 . 3843 
10 ,6324 1.5931 .0320 29593 72 5264808 
1300 .8349 1.5668 .0300 .9618 - ,3362 
812530 8373 1.5406 ‚0280 ‚9644 . 3153 
.1260 0 1.5144 . 0260 .9669 .2924 
.1240 .842» 1,4884 ‚0240 ‚9694 ‚2695 
.1220 . 8451 1.4623 0220 9720 .2468 
4200 „8476 1.4364 ‚0200 ‚9745 ‚2240 
E1190 .8501 1.4105 ‚0180 89774 .2014 
81160 . 856 1.3847 . 0160 ‚9796 ‚1788 
‚1140 ‚8552 1.3590 ‚0140 9822 ‚1562 
1120 ‚8577 1.3333 ‚0120 ‚9847 1337 
‚1100 ‚8602 1.3077 0100 ‚9873 21113 
.1080 .8608 1.2822 ‚0080 ‚9898 ‚0889 
‚1060 8653. 1.2568 ‚0060 ‚9924 ‚0666 
.1040 ‚8678 1.2314 ‚0040 ‚9949 ‚0443 
К... .1020  .8704 1.2061 Soc es) 21 
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APPENDIX VIII 


Ideal Relay 


Ine characteristics of the ideal relay are very nearly 
achieved by electronic devices which have approximately zero 
dead time, It is a very useful device in systems where 
instantaneous switching is required. It may be symmetrical 
as shown in Figure VIII-1 or may be biased to switch between 


two levels of positive or negative output, 


yu 
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Figure VIII>1 
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99.000 
98.000 
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25.000 
92.000 
91.000 
90.000 
89.000 
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87.000 
86.000 
85.000 
84.000 
86.000 
82.000 
81.000 
80.000 
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77.000 


76.000 
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74.000 


79.000 


75.000 . 
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68.000 
67.000 
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65.000 
64.000 


63.000. 


62.000 


61.000. 


60.000 
29.000 
28.000 


57.000 


26.000 


55,000 


54:0088 
53.060 


52.000 


21.000 


GD 


127.3241 
126.0508 
124.7776 
125.5043 
122.2311 
120.9579 
119.6846 
118.4114 
117.1381 


115.8649 ` 


114.5917 
115.3184 
112.0452 
110.7719 
109.4987 
108.2255 
106.952? 
105.6790 
104.4057 
103.1325 
101.8592 
100.5860 
99.3128 
98.0395 
96.7663 
95.4950 
94.2198 
92.9466 
91.6733 
90.4001 
69.1268 
87.8536 
86.5804 
85.3071 
84.0339 
82.7606 
81.4874 
80.2142 
78.9409 
77.6677 
76.3944 
S1212 
73.8480 
72.5747 
yi 5072 
70.0282 
68, 7550 
67.4818 
66.2085 
64.9353 


IDEAL RELAY 


1/GD(DB) 


240.0982 


-42.0109 
-41.9227 


-41.853536 ` 


-41.7436 
41.6527 


-41.5008 , 


-41.4679 
-41.3740 
-41.2790 
41.177 
-41.0860 
-40.9879 
-40.8886 
-40.7882 
-40.6866 
-40.5838 
“40.4798 
40.3745 
-40.2679 
-40.1600 
-40.0508 
-59.9401 
-59.8280 
59.7145 
“39.5994 
-39.4828 
-39.3647 
-39.2449 
-39.1234 
-59.0002 
258.9752 
“38.7484 
-38.6197 
250.4091 
” 38, 5565 
-38.2218 
-58.0850 
”57.9460 
-37.8048 
=37.6612 
237.9192 
-37.3668 


7.2157 


= 37,0620 
-36.9055 


-36:7461 
- 36.5837 


-36.4183 
-36.2496 
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20.000 


49.000 
48.000 


47.000 


46.000 
45.000 


44.000 ` 


43.000 
42.000 
41.000 
40.000 
59.000 
58.000 
57.000 
56.000 
35.000 
54.000 
33.000 
32.000 
51.000 
50.000 
29.000 
28.000 
27.000 
26.000 
25.000 
24.000 
25.000 
22.000 
21.000 
20.000 
19.000 
18.000 
17.000 
16.000 
15.000 
14.000 
13.000 
12.000 
11.000 
10.000 

9.000 

8.000 

7.000 

6.000 

5.000 


4.000 
54888 


2.000 
1.000 


`—— —  — - 
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65.6620 
62.3888 
61.1153 


59.8423 


58.5691 
57.2958 
56.0226 
54.7498 
53.4761 
52.2029 
50.9296 
49.6564 
48.3831 
47.1099 
45.8367 
44.5634 
45.2902 
42.0169 
40.7437. 
39.4705 
38.1972 


56.9240 


55.6507 
54,3775 
53.1043 
31.8310 
30.5578 
29.2845 
28.0113 
26.7381 





-35.9021 
-35.7230 


-35.3534 
-35,1625 
. ",ህ4,9672 6 
-34.7676 /| 
-34.9632 
| 7$44,.,35539 
- -84.1394 
- 53.9195 
765.6959 44 
. =33.4622 ` 
-33.2243 


-32.7278 
-32.4685 
742.2012 A 
-31.9254 
-31.6406 


-56.0776 74 


-35.5402 _ ἫΝ 


752.979 60M 


| 451.5462 I 


25.4648 ` 


24.1916 
22.9183 
21.6451 
20.3718 
19.0986 
17.8254 


— 


16.5521 
14.0056 


120.7324 


11.4592 
10.1859 
8.9127 
7.6394 


6.3662 


5.0930 
3.0397 
2.5465 
1.2732 


-31.0414 
-30.7223 


-30.0570 
-29.7024 





-29.3328 __ 
-28.9467 


-28.5426 
-28.1188 
-27.6733 
-27.2037 
-26.7072 4 
-26.1806 . 
-25.6200 


-24.3771 
-23.6818 


-22,9261 
-22.0982 


-21.18 2 


20.1600 


-19.0002 


-25.0208 | 


$ 
“17.6612. 


-16.0776 . 


-14.1394 
=44:8406 
8.1188 


-2.0982 
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. سلس د‎ € —— ሙኤ 


Ον... GD 
οσα... 2707 
‚996 1.2681 
‚994 1.2656 
992 1.2631 
529% 1.2508 
‚988 1.2580 
986 1.2554 . 
,984 1.2529 
‚982 1.2503 
‚980 1.2478 _ 
.978 1.2452 
.976 1.2427 
8,240. 1.2401 
8572 1.2376 
970 1.2350 
,968 1.2325 
‚966 1.2300 
„964 1.2274 
.962 1.2249 
Ren 71.2223 
‚958 1.2198 
056 ۳٣ 
‚954 1524147 
‚952 i 221 
-950 1.2096 
‚948 1.2070 
‚946 1.2045 
044. 1.2019 
‚942 1.1994 
940 1.1968 
MOSS — 1.1943. 
‚936 1.1918. 
‚934 1.1892 
,952 1.1867 
,930 1.1841 
.928 1.1816 
μος. 1.1790 
‚924 1.1765 
‚922 1.1739 
+920 151714 
т: 1.1688 
‚916 1.1663 
‚914 1.1637 
912 1.1612 
.910 1.1586 
ГН 90Ә 1971561 
‚906 1.1536 
‚904 1.1910 
Κο 5 
900 1.1459 
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-2.0808 
“2.0634 
“2,0459 


720284. 


ΘΙ. 20109 
1.9933 
“1.9757 
“1.9581 
-1.9404 


27 2 سا 


“1.9050 
-1.8872 
=1,6694 
“1.8515 
“1.8336 


سر وا 


21.7978 
-1.7798 
2761.7 
μμ 3.6 
555 
-1.7074 
-1.689? 


1.6709 
1.6527 


-1.6544 
“1.6160 
1085976 
-1.5792 
ο. 56908 
-1.5423 
71.5237 
120121. 


„1.4865 


-1.4679 
-1.4492 


:-1.4504 ` 


-1.4116 
-1.3928 


, 71.3740 


-1.3551 
"1.53561 
-1.9171 
-1.2981 
-1.2790 


21.2599 


“1.8216 
-1.2023 
-1.1831 


— —— mg 


R ας). 1/611)  . 
898 _ Lgl ሠ А5657 
‚896 1.1408 -1.1444 
‚894 1.1385 “4፡5 1 22880 
.092 1.1557 “4ፌሳ. 022 
«890 42 S - 0860 
.988 1.1306 "10665 
,886 1.1281 -1.0469 
884 1255 “1,0273. 
‚882 1.1250 -1.0076 
„ш .880 1.1205 2.9879 
‚878 1.01 79 ”.9681 
.876. 1.1154 -. 9483 
2.874 1.1128 -.9284 
.872 1.1105. ze 9085 
‚8670 25090 77 -.8886 
.868. 1.1052 -.8686 
. 866 1.1026 -.8486 
. 864 1.1001 -.8285 
.862 1. 0975 =. 8088 
.860. 130920 -ἴ”θς 
‚858 1.0924 -./680 
‚856 1.0899 - 7٧7/7 
‚854 1.0873 -. 7274 
«822 1.0848 = 7070 
‚850 1.0823.  -.6866 
‚848 1.0797 -36661 
«8546 1:207 7 2 -.6456 
.844 1.0746 web 251 
‚842 1.0721 -.6045 
.840 1.0695 -.5838 
.838 50670 3717 
‚836 1.0644 '=,924፡3 
‚834 1.0619 =። 321) 
2.852 1,9593 40770 
‚830 1.0568 -.4798 
.828 1.0542 -.4588 
.826 1.0517 -.4378 
.824 1.0492 -.4168 
. 822 1.0466 -. 3956 
«820 1.0441 -.5745 
‚818 1.0415 = 15555 
816 1.0390 -.33520 
,814 1.0364 -.3107 
.812 1.0539 -.2893 
‚810 1.0313 -.2679 
,808 1.0288 
«806 1.0262 -, 2249 
, 404 1.0257 =, 2033 
902. 1,0811 اه‎ ۷7 
.800 1.0186 -.1600 
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X wx GD 1/GD(DB) R _ GD ቲ/ዐ0ርርኔ 
Lo 2708 1.0160 -.1383 .698 «9887 1.02478 | 
«796 1.0135 -.1165 .696 .8862 1.0496 
. 794 100 =,0946 ‚694 ‚8836 1.0746 
БҮЙ 79? 1.0044 Е 0727 -— .692 .8811 1.0997 
.790 1.0059 -.0508 ‚690 ‚8785 1.1248 
‚788 1.0033 -,0287 ‚688 . 8760 1.1500 
- .786 1.0008 -.0067 .686 .8734 1.1753 
.784 .9982 ‚0155 «684 .8709 1.2007 
.782 „9957 ‚0377 ‚682 ‚8684 1.2261 
τν. -780 .9931 .0599 680  ,6658 1.2516 
‚778 .9906 .0822 .678 |  .8633 1 28792 
‚776 ‚9880 ‚1046 „676 ‚8607 1.3029 
ο Ἢ: ‚9855 1270 674 «858» 1.3286 
772 . 989 ‚1494 ‚672 „8556 1.3544 
227 0 .9804 .1720 ‚670 ‚8531 1.3803 
.- - ,768 «9778 ,1946 - ዐ- . 668 .8505 1.4063 
‚766 „9753 2772 .666 . 8480 1.4323 
‚764 ‚9728 ‚2399 „664 „8454 1.4584 
6 9702  .2627 . 662 .8429 1.4846 
‚760 ‚9677 ‚2855 ‚660 „8403 1.5109 
‚758 ‚9651 „3084 ‚658 ‚8378 1.5373 
156 UTA „3314 ‚656 ,8352 40% ΤΙ 
.754 .9600 35544. ‚654 ‚8327 1.5902 
‚752 „9575 „3774 ‚652 ‚8302 1.6168 
E 750 ,9559 ‚4006 „650 6276 37 
748 ‚9524 ‚4238 .648 .8251 1.6703 
‚746 ‚9498 . 4470 .646 . 8225 1.6971 
744و‎ .9473 „4703 „644 .8200 1.7241 
‚742 ‚9447 ‚4937 ‚642 ‚8174 1.7580 
. 740 ‚9422 „5172 ‚640 ‚8149 1.7782 
ШЕ 58 . 9397 5407 638 8123 1.8054 ` | 
‚736 ‚9371 „5642 „636 ‚8098 1.8326 | 
‚734 9346 „5879 „634 ‚8072 1.8600 
РЕ 7/52 .990 _ .6116 ‚632 .8047 1.84 1M 
Е ‚750 ‚9295 „6353 ‚630 ‚8021 1.9150 | 
‚728 ‚9269 „6592 ‚628 ‚7996 1.9426 | 
726 «9249 ,6831 626 7970. 14٩ d 
መጋ: ‚9218 „7070 ‚624 ‚7945 17998! i 
722 „9193 ‚7310 ‚622 . 7920 2.0260 | 
EE 7207 | 4.9167 „7551 .620 .7894 2.0540. Е 
.- ,748 1.9142 „7793 „618 . 7869 2.0820 | 
.716 ‚9116 ‚8035 ‚616 ‚7843 2.1102 
‚714 «9091 |  .8278 ፻ „614 ‚7818 2.15898 F8 
 ዑ. 712 19065 ,8522 ‚612 ‚7792 2.1668 
71.0 ‚9040 „8766 „610 7767 2.1952 
‚708 .9015 9011 - .608 2741 2,2240 q 
B .706 28989 .9257 ‚606 .7716 2,2523 
.704 .8964 ‚9503 ‚604 ‚7690 2.2811 
7.0.2 .8938 9750 20 .602 .7665 2.3099 Я 
= Ел .8913 „9998 ‚600 . 7639 2.3388 
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RSR 


اب یس س س ت س ت ت د 


1 ^ | /.!፡፡06-..፡!ዘ፡!፡:.፡፡፡ዞ፡፡ዉ፡፡፡፡ቕ፡ CGD. CAG CD eee 
598 7.7614 2.3678 ° τ. .- ,4598 | .6341 5,9572 
‚596 ‚7589 2.3969 ‚496 ‚6315 3.9922 
0594 ‚7563 2.4261 ‚494 ‚6290 4.0273 
νο . 707548 ж264954 .: 492 .,6264 4.0625 
„590 ‚7512 2,4848 . 490 ‚6239 4.0979 
‚588 ‚7487 2.5142 ‚488 6213 4.1334 
‚586. .7461 2.5438  . ,466 «6188 4.1691 
«584 . 7436 2.5735 . 484 . 6162 4.2049 
‚582 ‚7410 2,6033 . 482 . 6137 4,2408 
580 МІЕ8Ы 5502635525 — U CE re HE 0 gët Je 4.2770 
‚578 . 7359 2.6632 .478 ‚6086 4.3132 
‚576 . 7334 2.6933 ‚476 .6061 4.3497 
„574 NEESOS - 2:723 حس6‎ 3 474 .6035 4.5862 ée 
‚572 ‚7283 2,7539 ‚472 «6010 4.4230 
‚570 .7257 2,7843 . 470 . 5984 4.4598 
.568 __ .7282 2.8148 .468. | .5959 4.4969 
‚566 ‚7207 2.8455 ‚466 „5933 4.5341 
‚564 74 81 2,8762 ‚464 „5908 4.5714 

E 562 ,7156 2,9071 .462 .5882 4,6090 
‚560 ‚7130 2.9380 460. . 5857 4.6466 
.558 .7105 2.9691 ‚458 ‚5831 4.6845 

E O- .556 7.7079 3.0003 " .456 |  .5806 4.7225. im 
‚554 ‚7054 5.0576 .454 ,5781 4.7607 
‚552 ‚7028 3.0630 ‚452 ‚5755 4.7990 

ШО — ,550 . 2005». 3.0945 . 450 :-57 350... "48575 Е 
‚548 ‚6977 in 1262 ‚448 ‚5704 4,8762 
‚546 ‚6952 3.1579 ‚446 5679 4.9151 
544 (6926 3.1898 „444 .5653 4.9541 
‚542 ‚6901 3.2218 . 442 .5628 4.9933 
540 .6875 $.2539 . 440 . 5602 5.0327 
NB 850- 52861 ‚438 557% 50/25 
0536 ‚6825 3.3185 E KT. ‚5551 5.1121 
‚534 ‚6799 3.3510 E KT „5526 5.1520 
532 .6774 3.3836 . .432 "5500 5.1921 
‚530 ‚6748 3.4163 430 ‚5475 5.2324 
‚528 6723 5,4491 ‚428 5449 5,2729 
.526 .6697 3.4821 .426 5424 5.3136 | 
524 ‚6672 5.5152 ‚424 „5399 5.3545 
‚522 ‚6646 5.5484 ‚422 осн 5,5955 

1 ЖЕУ” 520 ,6621 3.5817 4 .420 5348 5,4368 ` 
‚518 ‚6595 5,6152 .418 5322 5.4783 
‚516 ‚6570 5,6488 ‚416 . 5297 5.5199 
514 .6544 3.682 تت‎ ‚414 592 71-7 ፌሪ ال‎ 
‚512 ‚6519 5.7164 412 5246 5.6038 
‚510 ‚6494 3.7504 ‚410 ‚5220 5,6461 
‚508 . 6468 3.7845 ‚408 ‚5195 5.6886 | 
‚506 ‚644$ 5.8188 ‚406 ‚5169 5.7313 
5684 6417 3, B38 ‚80 81544 5:7748 
οι دوه‎ 3.8877 2222402 «5116 5,9475. 
.500 .6366 3.9224 ‚400 .5093 5.8606. 
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πρ | RÉI 000500083 "M ፌ.ቭብኒፒሦ--፡00 | 17ZGDODBÀ 
© 398. «5067 5.9041 298... .3794 8.4175 
‚396 ‚5042 5.9479 ‚296 „3769 8.4760 
«394 25017 5.9919 ‚294 ‚3743 8.5348 
το 224991 6.0361 ,292 .3718 _ 8.5941 
. 390 ‚4966 6.0805 .290 . $692 8.6538 
. 388 ‚4940 6.1252 .288 ‚3667 8.7139 
Б ЖОО 586 5 6.1700 .286 .3641 8.7745. 
‚384 ‚4889 6.2152 ‚284 . $616 8.8354 
‚382 ‚4864 6.2605 ‚282 ‚3591 8.8968 
se 380i BSB 6.3061 .280 .3565 8.9586 
‚378 ‚4813 6.3520 ‚278 . 3540 9.0209 
‚376 ‚4787 6.3980 ‚276 . 3514 9.0836 
ID xz ‚4762 6.4444 ‚274 .3489 9.1468 . 1 
"572 ‚4736 6.4909 ‚272 ‚3463 9.2104 | 
2570 . 4711 6.5378 .270 ‚3438 9.2745 
— Ae 368 2.4686 6.5848 .268 .3412 9.3391 
.366 ‚4660 6.6322 ‚266 ‚3387 9.4042 | 
«364 ‚4635 6.6798 ‚264 . 3361 9.4697 
| 1,2362.  .4609 6.7276 «262. ,3336 08 
‚560 ‚4584 6.7757 ‚260 ο da 9.6023 
.$58 ‚4558 6.8241 ‚258 . 3285 9.6694 x 
12110 556 7 0545533 6.8728 .256  .3259 94.7329 H 
354 ‚4507 6.9217 ‚254 ‚3234 9.8051 | 
‚552 ‚4482 6.9709 ‚252 . 3209 9.8738 
«350. ‚4456 7.0204 ‚250 54183. 9.9430 
348 ‚4431 7.0702 ‚248 ‚3158 10.0128 
‚546 „4405 7.1203 ‚246 «52-52 10.0831 4 
344 ‚4380 7.1706 ‚244 .3107 10.1540 ЖЫ 
WEE ‚4354 7.2213 ‚242 . 3081 10.2255 | 
‚340 ‚4329 7.2722 ‚240 ‚3056 10.2976 
‚538 ‚4304 7.3235 ‚238 1.3050 10.5705 -- 
С OE 5 5 6 ,5278 7,3750 ‚236 5005 10.4436 | 
334 . 4253 7.4269 .234 .2979 10.5175 
‚332 ‚4227 7.4790 ‚232 ‚2954 10.5920 
| 330 ` .4202 7.5515 ‚230 . 2928 10.6672 
. 328 ‚4176 7.5843 .228 ‚2903 10.7431 
‚526 , 445 7.6374 ‚226 .2878 10.8196 
ΡΟ „4125 7.6909 ‚224 ‚2852 10.8968 
‚322 ‚4100 7.7447 „222 ‚2827 10.9747 
‚320 ‚4074 7.7988 2207 «9801 211.7 
EM «$18 |  .4049 7.8532 .218 ‚2776 11.1327 
. 316 ‚4023 7,9080 ‚216 ‚2750 11.2 
10 ТҮСІМ .5998 7.9632 214 «27025 11.2935 
ЕЕ ТИ .:12 . 3973 8.0187 ‚212 .2699 11.3759 
308 . 3922 8.1308 ‚208 26488 11.5405 3 
CR 206 „3896 8.1874 ‚206 .2623 11.6244 | 
. 3504 5673 8.2443 ‚20+ ‚2597 11.7092 
ο ٧ 58459 “πο σολ .202 .2572 11.7948 © 
‚500 . 3820 8.3594 ‚200 ‚2546 11.8812 1 





HB 


سے — 








Re GO, Ὁ συ. 
E1909 .2521 11.9685 
‚196 .2496 12.0567 
‚194 .2470 12.1458 
‚„192_____,2445___12.2358 
190 E2219 9 12.5267 
.188 .2394 12,4186 
186. 2368 | 12.5115 
‚184 .2343 12,6054 
.182 ο ድው - 004 
‚180 „2292___ 12.7963. 
‚178 .2266 12.8934 
‚176 , 2241 12.9915 
.174 «22015 15,0908 
72 .2190 13.1912 
.170 .2165 13.2928 
.168 «2159 13.3956 | 
‚166 „2114 6 
‚164 .2088 13.6049 
‚162 22083 15. 7145 
.160 2037 13.8194 
.158 .2012 13.9286 
1586 4986 14.0393 
‚154 .1961 14.1514 
‚152 1935 14.2649 
21508857 1910-9 14. 8800 
‚148 .1884 6 
‚146 .1859 14.6147 
.144_ .1833 _ 14.7345 
‚142 .1808 14.8560 
‚140 .1788 2 
K 757 δολ 
‚136 1732 ST 
.134 «1706 15.3597 
Ш 132 1681 15. 490s 
που «1655 15.6229 
. 128 .1630 15.7576 
2.1206 .1604 4 
‚124 .1579 16.0334 
8122 4553. 16,746 
E 199.1528. 16.3182 
.118 .1502 2 
EUIS «1477 16.6126 
E 14 .1451 16.7637 
1112 .1426 4 
110 .1401 9 
እ .108 .1375 17.2333 
‚106 4350 17.3957 
‚104 4324 17,6614 
πρ. E 
,100 .1273 17.9018 
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R GD | 1/GD(DB) 
. - ,098 01218 18.0778 
.096 „1222 18.2564 
‚094 ‚1197 18.4392 
‚092____,1171___18.6260 
.090 ‚1146 18.8169 
‚088 .1120 19.0121 
= +086_ 1095 _ 19.2118 
.084 .1070 19.4162 
‚082 „1044 19.6255 
_.080_____.1019___19.8400 
‚078 ‚0993 20.0599 
‚076 ‚0968 20.2855 
074 40942 7251708 
‚072 ‚0917 20.7551 
‚070 ‚0891 20.9998 
.068. .0866 21.2516 
‚066 ‚0840 21.5109 
. 064 .0815 21.7782 
.062 | .0789 22.0540 
.060. ‚0764 22.3388 
‚058 .0738 22.6332 
.056 | .07138 22.9380 m 
‚054 ‚0688 23.2539 
‚052 ‚06662 23.5817 
‚050_____.0637___23.9224 
‚048 „0611 24.2770 
‚046 ‚0586 24.6466 
‚044 .0560 25.0327 
‚042 ‚0535 25.4368 
‚040 ‚0509 25.8606 
.038 ___.0484__ 26.3061 
‚036 ‚0458 26.7757 
034 „0433 27.2722 
ИКУ .0407 | 27.7988 I 
.030 .0382 28.3594 
.028 ,0357 28.9586 
026 ——.0331-— 2960098 
.024 ‚0306 30.2976 
„022 ‚0280 31.0533 
.020 .0255 31.8812 
.018 . 0229 32.7963 
.016 ‚0204 33.8194 
„014 0178, 34.9792 
ДЕ ‚0153 36.3182 
‚010 012 37.9018 
008 0102 39,8400 ` 
‚006 ‚0076 42.3388 
WEE 0053 45,8606 
‚002 .0025 51.8812 ` 
.000 ‚0000 * 
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APPENDIX IX 


Negative Deficiency 


This is a rather uncommon nonlinearity, but frequently 
the data may be used for other nonlinearities which closely 


approximate that shown in Fig. IX-l, 
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R X Y GD PHASE 1/GD(DB) THETA 
1.000 ISS -. 34183 1.5836 -11.60 -3.9932 -168.40 
. 998 1.5506 -.3170 1.5827 -11.56 -3.9878 -168.44 
'' .996 1.5499. -,3158- 1.5817 -11.52. -3.9824. -168.48 
‚994 1.5491 -.3145 1.5807 -11.48 -3.9771 -168.52 ١ 
. 992 1.5484 -, 3132 5797 -11.44 -3.9717 -168.56 
— «990 1.5476 -.,,3120.- 41.5786  -31.40. -3.9663- -168.60 
958 1.5469 - 17 1.5778 -11.36 -3.9609 -168.64 
986 1.5461 -, 5095 1.5768 -11.32 -3.9555  -168.68 
UU .984 1.5494 | -.3082. 1.5758 . -11.28. -3.9500 -168.72. 
982 1.5446 -.3070 1.5748 -11.24 -3.9446 -168.76 
980 1.54459 - 2057 1.5738 -11.20 -3.9392 -168.80 
978... 154651 -,3042» 15728 -11.16 >5.93532 -1c CR 
„976 1.5423 - 2052 1.5719 -11.12 -5.9282 -168.88 
974 1.5416 -.3020 1.5709 -11.08 -3.9228 -168.92 
ف--1,.535408--92792:-ت--------‎ S007 1.5699 -11.04 =3.91735_  “ 06” 
970 1.5400 - 2995 1.5689 -11.01 -3.9118 -168.99 
968 1.9393 -.2983 1.5679 -10.97 -3.9063 -169.03 
2.9606 1.5385 -,2970 1.5669 -10.93 -3.9008 -169.07 
964 Шоу? -.2958 1.5659 -10.89 -3.8953 -169.11 
962 1.5369 -.2946 1.5649 -10.85 -3.8897 -169.15 
0 .960 1.5361 -.2934 1.5639 -10.81  -3.8842_ -169.19 
. 958 1.5354 -.2921 1.5629 -10.77 -3.8787 -169.23 
956 1.5346 -.2909 1.5619 -10.73 -3.8731 -169.27 
Ж. || د‎ e 2535 መጨ. 0 1.5609__ -10.70 23.8675 -169.50. M 
952 14555 50 -.2885 1.5599 -10.66 -3.8620 -169.34 
950 1.5322 -.2873 1.5589 -10.62 -3.8564 -169,38 
E 948. 1.53814. 7.2861. -1.5579 -210.58...25.8508 216908 | 
946 1.5306 -.2849 1.5569 -10.54 -3.8452 -169.46 1 
. 944 1.5298 - 7 1.5559 -10.50 -3.8396 -169.50 | 
.. . ..42. 1.5290 2.2825 - -1.5549 -10,47 25, 05359 = 1 | 
. 940 1.5282 -.2813 1.5539 -10.43 -3.8283 -169.57 
938 155274 -.2801 1.5529 -10.39 -3.8227 -169.61 
... 96 1.526ό6ό | -.2789 31.5519 __ -10.35_ -3.8170_ -1689.65 E 
934 1.5258 -.2777 1.5508 -10.31 -5.8114 -169.69 
932 Е 5250 -.2765 1.5498 -10.28 -3.8057 -169.72 
m 49380 1.5242 -.27538 1.5488 -10.24 -3.8000. -169.76 
. 928 0055253 2741 1.5478 -10.20 -3.7943 -169.80 | 
926 1.5225 -,2729 1.5468 -10.16 -3.7886 -169.84 
924 1.5217 -.2718 1.5458 -10.13 -3./829 -169.87 { 
922 1.5209 -.2706 1.5448 -10.09 -3.7772 -169.91 | 
920 1.5200 -.2694 1.5437 -10.05 -3.7715 -169.95 | 
2-018291. 5192 -.2682 1.5427 -10.01 -3.7657 -169.99 
.916 1.5184 -.2671 15417 -9.98 -3.7600 -170.02 
.914 1.5176: -.2659 1.5407 -9.94 -3.7542 -170.06 
4912. .1.5167  .-.2648.. 1.5397. . -9.90.1.—23.7485. -170 ШЫ 
‚910 1.5159 ~,2636 1.5386 -9,86 -3.7427 4 
‚908 dU 150 -.2624 1.5376 -9.83 -3.7369 -170.17 
2906 1.534 -.2614$__ 1.5366- 9579 _-3.7811_ -170.21 
904 1.9144 - 2601 1.5356 -9,79 - 3,7893 -170,89 
‚902 1.5125 -.2590 1.5345 





“9.72 -3.71995 -1/70 3 
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. 00 
‚898 
.896- 
.894 
.892 
.890 — 
.888 
. 886 
-- 88.4 —— 
. 882 
‚880 
ረ: በወ 
2976 
‚874 
2:997 2... 
‚870 
‚868 
ЕЕЕ —  .866. 
‚864 
«862 
КЕ 860 
‚858 
‚856 
‚854 
‚852 
‚820 
‚848. 
‚846 
‚844 
Ex „842 
‚840 
‚8658 
„836 
‚854 
‚8652 


ως 
Сы 
c 
| 
| 


828. 
826. 
824 
822 . 
820 
.818‚ 
وا . 
814‚ 
812. 
24810 
808‚ 
.2806 
884 : 
802‚ 
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PE PPP PPP REP PPE EE REP PE t nnm a КА 


X 


1” 2147 
1708 
.2100-- 
.2091 
. 2053 
.20/4.- 
‚5065 
95057 


5059‚ 
2061 
0,22 روس 
2013 . 
2005‚ 


‚4987 
‚4978 

مک .969 #4 
4961‚ 
4922 
.24943 
$4 49. 

. 4925 
ad 916m. 
. 4907 
. 4898 
.4889 . 
.4880 
45:71 
. 4862 
. 4853 
.4844 
4035. — 
‚4826 
4817 

μα‏ اس 
4798 
4789‚ 
4780„ 
ud 7 Ad‏ 
4761‚ 
#4752 
4743 
4753„ 
4724. 
1.4715( 
1.4705 
ë 162 696 _‏ 


7 
1.46 47 


9 
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NEGATIVE DEFICIENCY 

















Y GD PHASE 1/GD(DB) THETA 

625755 15853» o uec بجر‎ ss 

-,2567 5 -9.64 -3.7078 6 
(255б-»-1ж5514----сабқбасылый той --70 وي‎ ۳ 一 
.2544 1.5304 -9.57 -3.6961 -170.43 
«9555 1.5294 -9.53 -3.6903 -170.47 
2و کی 2 5 2س‎ 8 5«— 95 0. 66 44 2 ٢ 
“ 251 0 ° 3085273 -9.46 -3.6785 -170.54 
,2499 1.5263 -9.42 -3.6726 -170.58 
‚2487 1.5252—— -9.39 —-3.6667——-170.61 
,2476 1.5242 -9.35 -3.6608 -170.65 
.2465 1.5232 -9.31 -3.6549 -170.69 

-.2454 1.5221 a9: 28 αμ ο) ση. μετα 
«2445 1.5211 -9.24 -3.6430 -170.76 
.2431 1.5200 -9.20 -336371 -170.80 
2.4.2 0S) Seo 4 ees መመ ውክ 
,2409 1.5180 -9.13 -3.6252 -170.87 
«9598 1.5169 -9.10 -3.6192 -170.90 
,2387---1.5159-----9.06---3.6132---170.94- 

-.2376 1.5148 -9.02 -3.6072 -170.98 
52565 :لول‎ -8.99 -3.6012 -171.01 
¿2354 154 27 mB WRB n E 
„2344 Ч “а -8.92 -3.5892 -171.08 
,2332 1.5106 -8.88 -3.5831 -171.12 
«2521. i5096 — aB. 85—377 سر‎ b RN 
; 2 5 1 ٤ ووي‎ 8 G -8.81 -3.5710 -171.19 
22500 5 -8.78 -3.5650 -171.22 
.2289 1.5064 -8,74- -3,5589 -171.26 
,2278 1.5054 -8.70 -3.5528 -171.30 
.2267 53 -8.67 -3.5467 -171.33 
,2257 --1.5032-----8.63---3.5406---171.37 
,2246 1.5022 -8.60 -3.5345  -171.40 
.2235 1.5011 .-8.56 -3.5284 -171.44 
«2225 1.5001 -8.53.--3.5223.--171.47 
,2214 1.4990 -8.49 -3.5161 -171.51 
.2203 1.4980 -8.46 -3.5100 -171.54 
,2195  1.4969-- -8.42. -3.5038. -171.58 
.2182 1.4958 -8.39 -3.4976 -171.61 
.2172 1.4948 -8.35 -3.4915 -171.65 
.2161.---4-4932-- -аВ. 52-і 4853 لل 715 له‎ 
12151 1.4926 -8.28 -3.4791 -171.72 
.2140 6 -8.25 -3.4729 -171.75 
,2130...-1%4905--- -8.22.--4.4667- 171. 11715 (٢ 
,2119 4 -8.18 -3.4604 -171.82 
.2109 1.4884 -8.15 -3.4542 -171.85 
2099 1.4875. -8.11 -3.4479 -171.89 
.2088 1.4862 -8.08 -3.4417 -171.92 
.2078 1.4852 -8.04 -3.4354 -171.96 
«2068 1.4841 - B01 ادیک" دو ته تچ‎ 99 
:2058 4:4830 -7.98 -3.4229 -172.02 
.2047 1.4819 -2.94 -3.4166 
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NEGATIVE DEFICIENCY 


анана ee = ---- - —— -- —— 




















ዞ X Y GD PHASE 1/GD(DB) THETA | 
.800 1.4668 -,2037 1.4809 -7.91- -3.4103 217 10 | 
.798 1.4658 -,2027 1.4798 =7.87 -5%.40%9 рох, МӘ 
.(79 65649-02201 2 15 4067 =7፡ይ4. -3.3976_ -172.16 1 
794 — 1.4689 262007 86 -7.81 -3.5913 -172.19 | 
1792 1.4650 -.1997 1.4765 -7.77 -3.3849 -172.23 

..790 _1.4620_ -.1987_ 1.4755 -7.74 -3.3786_-172.26 L 
.788 | 1.4611 -.1977 1.4744 -7,70. -3:32722 -47 ШШ | 
.786 1.4601 -.1967 1.4733 -7.67 -3.3658 -172.33 
«784. 1.45924 2.19527. 1.41. 64. سه 9 وق‎ OT 

«282 1. 4582. መ1947 0 ብ4ቸ95 -7.60 -3.3531 -172.40 

21780 1.45721 221937 Қайы -7.57 -3.3467 -172.43 

37781 -ᾱ-.4565-. 89 1927 14690 -7.54 -ὖ, 2405  -172.46 1 
2/76 991.4023 118597191 728009679 -7.50 -3.3338 -17 R| 

-774 1.4543 -.1907 1.4668 -7.47 -3.3274 -172.53 

272. ..1.45$4...-.1897. 1.4657. - 7,44 28.3210 —-172.56 

-770 1.4524 -.1887 1.4646 -7.40 -3.3145 -172.60 

.768 1.4514 =.1877 1.4635 -7.37 -3.3080 -172.63 

3-23026-272-7 ---34ر7 بټ-1-4624 - .1668.= 1.4505 - 766« 

.764 1.4495 "9.1858 1.4615 -7.30 -3.2951 -17 

.762 1.4485 -,1848 1.4603 -7.27 -3.2886 -172.73 

.760 _1.4475 __ -.1839_ 1.4592___ -7.24_ -3.2821_ -172.76 

.758 1.4466 -.1829 1.4581 -7.21 -3 2756 -1786 

፡/26 1.4426 -,1819 1.4570 -7.17 -3.2691 -172.83 

«754... 1.4446. -.1810 1.,4559 77.14 -5.2625 -172.86 E 

-752 1.4436 -.1800 1.4548 -7.11 -372560 -172.89 

.750 1.4426 -.1790 1.4537 -7.07 -3.2494 -172.92 

.748 | 1.4416 — -.1781 | 1.4526  -7.04 -3.2429 -172 .96 22 
.746 1.4406 -—-.1771_ 1.4515 “7.01 3.2365 ሬር M | 
27447 1.4397 895.1762 0.454 -6.98 -3.2297 -173.02 

«742 - 1.4387. -.1752 1.4495. -6.95 -35.2231 -173,09 Ὁ ἮΝ 
774022 1.17 6962 4.3) 1021279452 -6.91 -3.2165 -173.09 | 
27387 18436) 2 1734 C 4.449214 -6.88 -3.2099 -173.12 | 
«76 1.453} =1724__ 1.4460 e BEE A A AE 

7354 1,447 -,1715 9 -6.82 -3.1967 -173.18 

,752 184357 %-.1706 4438 -6.78 -3.1900 -173.22 

2730. 54527 516596 7,4422 -6.75- -35.1834- -173,25 ЕБ 
ОВЕ 1687 а -6.72 -3.1767 38 

.726 1.4307 -.1678 1.4405 -6.69 -3.1700 -173.31 | 
,724 1.429} -,1669. 1.4594 ЕО 66 2574654 51754 T 
722 1.4286 41659 2 -6.62 -311567 7179923 | 
E729 1.4276 -.1650 15.4 3H -6.59 -3.1500 -173.41 | 
.718.. 1.4266 -.1641 1.4560  -6,56 -35,1433 -1753.44 МЕ 
1716099104256 -.1632 1.4349 -6.53 -324365 -172 Қ | 
.714 1.4246 ‚1623 774546 -6.50 -3.1298 -173.50 

2712154256 . -,1614 1.432}  -6447. -3.1231. -173.53 لر‎ 
η ο 1.30226 „1605 "δυο -6.44 -3.1163 -173.56 
.708 1.4215 - 11596 1 37 -6.40 -3.1095 -173.60 
4706 1.42056 -,15Ә7 1,4294 -6,37 25.1026 τσ NE 
‚704 91.4195 211576 (84282 -6.34 -3.0960 -173.66 
W702.) 1.4185 ٧1569 71 -6.31 -3.0892 -173.69 


__-156- 





ጨመ ው —‏ -----. س 









= —ra n = 





1 


4 


1 


= 


NEGATIVE DEhaRCIENC Y 




















Y GD PHASE 1/GD(DB) THETA 

‚1560 1.4260- -6.28 -3.0824 -173.72 

. 1554 1.4249 -6.25 -3.0756 -173.75 

15420 не 2 3 88.:5:------=-6.-ይ.ሯ--:==53፡3፡0 688 3,78. 

81556 1.4226 -6.19 -3.0619 -173.81 

.1524 1.4215 -6.16 -3.0551 -173.84 

«1515 1 4λ0θ- 6.12 اسوه‎ ορ 17፡06 

21900 1.4195 -6,09 -3.0414 -173.91 

.1498 1.4182 -6.06 -3.0345 -173.94 

1489 dud 17 ment Deeg 2 7 E ο. 

.1481 1.4159 -6.00- 3.02079 1242018 

.1472 1.4148 -5.97 -3.0138 -174.03 

.146 س5‎ 1.41357 = x5. 94 50060 S ከከከ 

‚1455 1.4125 -5,91 -3.0000 -174.09 

.1446 4114 -5.88 -2.9931 -174.12 

.1437— 14100. _ —-5.85 _-2.9861— -174.15... 

.1429 1.4092 -5,82 -2.9792 -174.18 

„1420 1.4080 -5.79 -2.9722 -174.21 

,1412 1: 4069----5..7бкше 260652 ыла 1 wau 

„140% 1.4058 -5.73 -2.9582 -174.27 | 

4592 1.4046 -5.70 -2.9512 -174.30 

, 438 άσε Ειδη, 2 04 4 СЕ በበበ 

155 1.4024 -5.64 -2.9372 -174.36 

.1370 1.4042 -5,61 -2.9302 -174.39 

51562 —1.40040— 5 5l... 25 2290051. - ٥5 ٢ 

. 1558 1.3990 -5.55 -2.9161 -174.45 

„1345 1.3978 -5.52 -2.9090 -174.48 

133724 . 8968 Б 49g 29 0 2 Оа 4 ОШЫН 

.1328 1.3955 -5,46 -2.8949 -174.54 

. 1520 1.3944 -5.43 -2.8878  -174.57 

.1312._  1.3933___ -5.40- -2.8807-_ -174,60- 

.1304 1.3921 -5.37 -2.8736  -174.68 

.1296 1.3910 -5.34 -2.8665 -174.66 
-.1288 1.38898 _ -5.32 -2,8593 -174.68 — 

4279 1.3887 -5.29 -2.8522 -174.71 

.1271 1.5876 -5.26 -2.8451 -174.74 

.1263. 1.45864 |. -5.238 .-2.8379 -174,77 

.1255 1.5853 -5.20 -2.8307 -174.80 

‚1247 1.3841 -5,17 -2.8235 -174.83 

2.1239: 1.3830 -5.14 -2.8163- -174.86 

1258 1.3818 -5,11 -2.8091 -174.89 

4224 1.3807 -5.08 -2.8019 -174.92 
=.1216шш TI ο 052 -5,06 -2.7947 -174.94 — 

.1208 1.3784 -5.03 -2.7875 -174.97 

.1200 1.3772 -5.00 -2.7802  -175.00 

.1192-1--21376 12 له - 2.7730 سپ ۹4.9 چب‎ ٢ 0 S 

1184 1.3749 -4.94 -2,7657 -175.06 

AL 1.3738 -4.91 -2.7584 -175.09 

ITT ፡፡ 5726ጨ፦ “4,09ጻጳመመጋ., 7511 1 75 ШЕ 

4463 ο” -4.86 -2.7438 -175.14 

31384 5703 -4.83 «2.7365 2175.17 


٢ K 
700 1.4174 
.698 1.4164 
EN —696— — 14154—— 
. 694 1.4144 
.692 1.4153 
ል. 1.126 _ « 
.688 1.4113 
‚686 1.4102 
=e O64 1μ4092. .. 
682 1.4082 
680 1.40/71 
ЖЕ .67/8.——1.4091.. 
676 1.4020 
.674 1.4040 
En" .672..—1.4029. 
670 1.4019 
668 1.4008 
Em .60632wdv; 599 دن‎ 
.664 1.35987 
‚662 1.5977 
Е _ ee re e eme, 
658 1.5956 
656 1.5945 
4 rS O9 I O95 
| 652 1.3924 
$090 1555913 
—. 6978 "le. 59 06 
646 1.5892 
644 1.5881 
-.642. 52671 
640 1.3860 
638 1.3849 
656 1, 2930 
2954 1.5828 
„652 1.5017 
ат 901]. 55027 — 
‚628 1.3796 
. 626 1.5785 
E 624 1.3774 
622 5765 
620 1.3793 
P. .61 8 1.5742 
ΘΕ Ш 2751 
.614 15720 
Ep . ቲር: 06 127-- 2 570098 
«610 1.5698 
. 608 1.2607 
ЕЕЕ 2.6506 185677 
.604 01.5666: : 
1.46255 


. 602 


—  — — 


I 


— —— —— 


1. 


=o o me —— -ἷ e e 


== -- መገ9.7 





, 
— geng 





«290... 


600 


49284 一 


574 


Pod T 


ROS TE‏ اا 


. 5644 
2962335 


3611 
‚5600 


С 
15507 


ь 


.5545 
. 3554 


95512 
59500 


„4478 
5467 


. 5445 
5454 
949908 
24411 
. 5400 
5589 
πάς 
25:555 
$525" 
‚54544 
55299 
ን ο 
Eoo 
. 299 
25287 
132/6 
19265 
"9293 
‚54242 
25291 


» 


° 


. 5208 
ου 


‚9174 
‚5162 
о ТИ 
. 31539 
1 3125 
МІСЕ 


4.9105 
1.3094 


کد 


هود 


5520n 


ооа онаи 


.已 426 


521955 


ασ а 


ο; 


NEGATIVE DEFICIENCY 


επ . ------: ------- 























Υ GD PHASE  1/GD(DB) THETA 
-.1146 1.3692 -4.80. -2.7292 -175.20 
-.11438 1.3680 -4.77 -2.7219 -175.23 
2.113812 —1- 3669... 24.4749 74453 wa VIEN 
5፡. 1 1 286 1.3657 -4,72 -2.7072 -175.28 
-.1116 1.3646 -4.69 -2.6998 -175.31 
-,1108 — 1.3634 —— -4.66 22.692989 -175.34 — 
27.102809 1.3622 -4.63 -2.6851 -175.37 
-.1093 1.3611 -4.61 -2.6777 -175,39 
-.1086 | 1.3599 -4,58 -2.6703. -175.42 
-.1078 1.3588 -4.55 -2.6629 -175.45 
-.1071 55576 -4.52 -2.6554 -175.48 
-.1068 1.38564 -4.50. -2.6480 -175.50 
-.1056 1.3553 -4,47 -2.6406 -175.53 
-.1049 1.3541 -4,44 -2.6331 -175.56 
-.1041. 1.8529 -4.41 -2.6256 -175.59 
-.1034 1.3518 -4.39 -2.6182 -175.61 
-.1027 SSC -4.36 -2.6107 -175.64 
-.1020. 1.3495. dl A ee Ee EE 
1015 1.3483 -4.31 -2.5957 -175.69 
-.1005 1.3471 -4,28 -2.5881 -175.72 

_=.0998 1.35460. -4.25 -2,5806 -175.75 4 
-.0991 1.3448 -4,23 -2573104 5118. | 
-.0984 1.3436 -4.20 -2.5655 -175.80 
>,0977..: 4. 3424. -4,.212---2.,557 - 
-.0970 2 54115 -4.15 -2.5504 -175,85 
-.0963 1.3401 -4.12 -2.5428 -175.88 
- ,0956 ملاس‎ 3389 -  :4,09. -2.53552. -ІШӘӨН 2: 08 
-.0949 1.3378 -4.07 -2.5276 -175.93 
-.0942 1.3366 -4.04 -2.5199 -175.96 
-.0935 | 1.48354 | -4.02 -2.5120 -175.98 
-.0928 1.3342 -3.99 -2.5047 -176.01 | 
2:109 28 25520 -3.96 -2.4970 -176.04 
-.0914 1.3519 -3.94 -2.4894 -176.06 UR 
-,0908 1.2501 -3.91 -2.4817 -176.09 | 
-.0901 1.3295 -3.89 -2.4740 -176.11 
-.0894 | 1.3284 J|. -5.86 -2.4665 -176.14 
-.0887 1.3272 -3.83 -2.4586 -176.17 
-.0881 1.3260 -3.81 -2.4509 -176.19 | 
-.0874 1.3248 | 23.78. -2.4431. 3276 j] L 
-.0867 1.3236 -3.76 -2.4354 -176.24 
-.0861 1.3229 -3.73 -2.4277 -176.27 
-.0854 1.3213 -35.71 --2.4199---176 208 
-.0848 jeu o Uu -3.68 -2.4121 -176.32 
-.0841 1.3189 -3.66 -2.4043 -176.34 
-.0834 41,3177 -35.63. -2.3965- -176.57 Б 
-.0828 1.3165 -3.61 -2.3887 -176.39 
-.0821 1.3154 -3.58 -2.3809 -176.42 
-.0815 15.5 1 4 73,56. -2.3731. -176.44 — هه‎ 
-, 0809 1.3130 -3.53 -2.3652  -176.47 | 
-.0802 1.3118 -3.51  -g.3574 -176.4Я9 | 

















k κ ሃ 60 PHASE 1/GD(DB8) THETA 
250009880. 3082 -.0796 1.5106 -3.45/:2/54957 - 17/9850 
498 1.3071 -.0789 1.3094 -3.46  -2.3417 -176.54 
ЕЙ 496-——1.35059.——.0783—241.-3082—— EE d 
81፡4... 047 د 7 اتصط  ( نس‎ -3.41 -2.3259 -176.59 
ο 1,5055. -.0777 1.5059 -3.38 -2.3180 -176.62 
erg Doc ed -.0764-- 1.547 -3.36---2.3101---176.64 
,488 1.3015 -.0758 1.3035 -3.33 -2.3021  -176.67 
O 001د‎ ж-.0752 1.3023 -3.31 -2.2942 -176.69 
АВИ 1.2.99) et, 07464. $04 de پو هتسب‎ BE d ege 
,482 1.2978 -.0740 1.2999 -3.26 -2.2783 -176.74 
.480 1.2966 -.0733 1.2987 -3.24 -2.2703 -176.76 | 
ከ7 ጨ..2925--- ميه 2979 ل0727 بي‎ 21 ۹٢2627 Ол DG 
.476 1.2943 -.0721 1.2963 -3.19 -2.2543 -176.81 
.474 1.2952 -,17145 1.2951 -3.17 -2.2463 -176.83 
«Ἢ ος. 70 ἡοο -3.14 _-2.2383_  -176.86 
3/7) 2908 8 1:070 7د‎ -3.12 -2.2303 -176.88 
.468 1.2897 -.0697 1.2915 -3.09 -2.2222 -176.91 
оос 12.2805 s. 069 دي اهم رو لمسب‎ د٩١‎ КЕ 
7464} ዘዘቤ.2673 -.0685 1.2892 -3.05 -2.2061 -176.95 
.462 1.2862  -.0679 1.2880 -3.02 -2.1980 -176.98 
4:46 0 1.2820... .-.0674 1.2868 53.00 -2.1899. -177.0) 
.458 1.2858 -.0668 1.2856 -2.98 -2.1818 -177.02 
,456 1.2827 -.0662 1.2844 -2.95 -2.1737 -177.05 
1 454 1.2815 .-.0656. 1.2832... .-2.93 —-2.1656— 177 07 -- 
.452 1.2803 -.0650 1.2820 -2.91 -2.1575 -177.09 
,450 1.2791 -.0645 1.2808 -2.88 2.1495 21/7 12 
a К 4 4 sassa, 2.7 B 0 a. 06 59a 142796 - ده 2 141 مس )وې‎ Гу 
.446 1.2768 -,0633 1.2784 -2.84 -2.1330 -177.16 
444. 1.2756 -,0628 1.2771 -2.82 -2.1248 -177.18 
ጨ4 4 BT deen Dë f 2259 EE, EEN 
.440 1.2752 -,0616 1.2747 -2.77 -2.1084 -177.23 
438 1.2721 -.0611 1.2735 -2.75 -2.1002 -177.25 
24-44 5680.27 09, 0 60б 12725 7-27 د سور‎ "5 
,434 1.2697 -.0600 1.2711 -2.70 -2.0838 -177.30 
.432 1.2685 -,0594 1.2699 -2.68 -2.0755 -177.32 
.430 1.2675. -.,0589. -1.2687-  -2.66- -2.0672.--77,34 
428 1.2662 -.0583 1.2675 -2.64 -2.0590 -177.36 
.426 1.2650 -.0578 1.2663 -2.61 -2.0507 -177.39 
.424 1.2638....—.0572 1 2661 2559 2 اا 9 د042‎ 
,422 1.2626 -.0567 1.2639 -2.57 -2.0341 -177.43 
„420 1.2614  -.0561 1.2627 -2.55 -2.0258 -177.45 
und 18 1:.2602.. -.0556. 342615. -2.53 —-=-2.0174— -177.47 
.416 1.2590 -.0551 1.2602 -2.51 -2.0091 -177.49 
.414 1.2579 -.0546 1.2590 -2.48 -2.0007 -177.52 
` 12. .1.2567...-..0540. 1.2538 -2.46,-21.9004 E 
410 4.2555 -.0535 1.2566 -2.44 -1.9840 -177.56 
.408 1.2543 -.0530 1.2554 -2,42 -1.9756 -177.58 
ዓ.መ E A Lem DEE 1.2542: 2 40 a EE 
.404 41.2519 -.0520 1.2530 -2.38 -1.9588 -177.62 
„402 1,2507 = 1.2518 


NEGAT 


«0514 


IVE DEFICIENCY 


-一 -一 -一 一 一 一 一 一 一 < 一 -一 一 人 








2-49-00 





+ c cM eet بادا‎ 
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° 952 


WEE 


‚3558 
S6 
«44 


SR 


déi 
. 2 


4 





NEGATIVE DEF WGSRENC ፣ 

















Y GD PHASE 1/GD(DB) THETA 
«0509 1.2505 -2.33 7-149420 “¿7 mam 
.0504 1.249% -2.31 -1.9335  -177.69 
,0499— 1.2481. 29:29. 2-9 92501 907 لر‎ آ٢تاث‎ 
,0494 1.2469 -2,27 -1.9166 53 
.0489 1.2457 -2.25 -1.9081 -177.75 
0484.  1.2445* -2.28984 1.69953 77 E 
0477 72 -2.21 -18911 177 
0474 1.2420 -2.19 -1.8826 -177.81 | 
«0469. 1.2408. --2.17- -1.8740% -177 ӨШ | 
.0464 1.2396 -2.15 -1.8655 -177.85 | 
‚0460 1.2384 -2.13 -1.8569 -177.87 | 
«0455 1.2371 -2.11. -1.8484. -177.89 ( 
.0450 1.2359 -2.09 -1.8398 -177.91 | 
0445 1.2347 -2.07 71.8812 547786 | 
"04401 2590 -2.05. -1.8226. -177.95— TE 
270436 ® 1.2526 -2.03 -1.8140 2107779 
.0451 1.2310 -2.01 -1.8054 -177.99 
.0426 1.2298 -1.99. -1.7967 -178.01 ЕЕ 
,0422 1.2286 -1.97 -1.7881 -178.03 
0 4 7Η -1.95 -1.7794 -178.05 
,0413 1.2261. -1.937771.7708. τι... 
.0408 1.2249 -1.91 -1.7621 -178.09 
04081722227 -1.89 -1.7534 -178.11 
.0399 1.2225- -1.87— -17447 ITOR 二 
,0394 1.2212 -1.85 -1.7359 ЧЕТ ЖИЕ 
.0390 1. 2800 -1.83 -1.7272 -178 
-.0385 1.2188 7-1.81---1.71857-248 | 
"0 Sad 175 -1.795 -1,7097- — 1 ٢ | 
.0377 88802163 -1.77 -1.7009 -178,23 | 
0372. 1.2151 | -1.,76. 24459243 ክዱ | 
.0568 1.2139 -1.74  -1.6834  -178.26 | 
64ق0.‎ 1.2126 -1.72 -1.6745 -178.28 | 
,0359 1.2114: -1.70 -1.6657  -178.30 
.0355 1.2102 -1.68 -1.6569. -178.32 
0351” 1.2089 -1,66% -1.648 ربا‎ 
‚0347 151.2077. 71.648 21.68922 ያ 968 
.0342 1.2065 -1.63- -1.6303" ل7 ردص‎ 
,0338 1.2052 -1.61 -1.6214 -17 5 | 
,0334-—.1.2040. -1859 71.612699: 41 BEI 
.0330 8 -٩1152 - “456036 7 ٢ 
-. 0326 "απ -1.55 -1.5947 -178.45 | 
0322 . 1.2003 —— -1.54  -1.5858. -178.46 AN 
. 0518 121090 -1.52 -1.5769 -178.48 
0304 81075 -1.50 -1.5679 -178.50 
0310. 1.1966. | -1.48. -1.5589 -178.52 EN 
,0306 1.1954 -1.47 -1.5500 -178.53 
0302 17 -1.45 -1.5410 -178.55 
=,0298....1..1929 -143 -1.5320 51788. ኀ 
0294 — 1.1916 -1.41 -1.5229 -178.59 | 
.0290 1.1904 -1.40 -3.9139 18 1 
d --.. ho رون سم‎ d 
i 
«όσα. | : 





NEGATIVE DEF TGPENE Y 


— ———nSrwn —V 





R X Y GD PHASE 1760000000) THETA 
. 80 1.1838 ~. 0286 1:1892. -1.38 -179049 5175852 
.298 1 1576 =,0263 11879 “1.56 -1.4958 -178.64 
РҰ-- ,له ---7 1,186 .0279" 18064 اسسب 916 ټس‎ 5 - 1 4868-1762 5 m ظ‎ ۹ ٢ 
. 294 1.1951 7.0275 1.1859 71.55 ο) ο το 
.292 1.1839 -.0271 1.1842 -1.51 -1.4686 217876: 
E —- bg. d Delen D 272gm—w-0268-.—1«18350——-—-1« 507145957178. 2058 
. 268 1.1814 -, 0264 IO -1.28 -1.4504 -178,72 
.286 1.1802 -,0260 15.1.8 0 5 -1.26 -1.4412 -178,74 
|1 „284 14 /2 0 ሬጨ--፦መ022ጨኡ.!1ዐ፡። ሥ ሠ 9ሯ-- =1 . 252ኋጨሙ” 1. 4821 BE 
282 ۱1 Re -.0253 170 -1.23 -1.4229 -178.77 
280 1.17065 -.0250 1.1706 -1.22 1.4138 -Ү78 8 
ИЕ — .278.— 17239 څ0246, سم‎ 1.1759. —-1.20——21.4046 —2178. 8B 
276 1.1750 -.0242 1.1745 -1.18 “1.5934 17809802 
274 1.1728 -.0259 11/51 -1.17 1,1 92 و لن آا‎ ٢ 
1 1 722 117456 -.0235, ы EE Ee E EE EE 
ο. 11703 -.0232 በ 1 9 =1 ,14፡ -1.3678 21750128 
. 268 1.1691 -.0229 1.1693 -1.12 -1 35565 31708058 
5666 1-416786.——.-.,0225-——1--1681 — ———1.10.——1-—35493 — ug m ыы 
‚264 11771184615 -. 0222 1.1668 “1.09 -1.3400 το μ 
(262 1.1654 -,0219 Ἱ 526 1.07}... “15511 7 
mc 760. — 1641 27.,0215.—1.1643.———34 .06c71.5214— EEN 
258 1.1629 -,0212 1 1 -1 00687 -1:3121 τν ٢-٢ 
256 1.1616 -.0209 оте -1.05 71.5028 3170999 
ер ጋ 41-------=-ጪ , 1 604-..- “--ጭ= 0'2:0፡5----፦ሷ 6 0 6.------ጨር0ሱ- а 1н. 293 5а о 7 Онин 
252 ከ ን 21 -.0202 1.1593 -1.00 -1.2841 -179.00 
250 1.1579 -,0199 55:1 -.98 -1.2748 -179.02 
Wë 2 VB eel 6 Lecter, 0 1 Ө бес 1,415684 μμ 26 اهم‎ ٢ "٢" 
246 11; 9 -.0194 1, 12526 - 996 -1.2500 >! በ 
244 1.1542 -.0190 1.1543 -794 -1.2766 -17906 
E49 .—44.1529——-,0186 .—1.-1531————.- 295 — 172599 - سي‎ иин 
240 1517 -.0183 1 8 "οι -1.2278 و رل‎ ٢٢ 
. 258 1.1504 -.0180 11506 -.90 -1.2185 7 πι 
256......121492.-.---,017/. 1:1495-- =, 00... ረባ. ሠር... መጡ 
234° 1.1479 -.0174 1.1481 -.87 -?.1994 -179.13 
252 1.1467 -.0171 1.1468 -.86 -1.1900 14 
223 0m. ..1..1495. 20168 31 21456 2) = 84. 1.1809 TUM ы 
228 1.1442 -,0165 1.1443 -285 -1.1710 -170 ٢ 
226 1.1450 -,0163 1 145.1. -.01 -1.1615 -TRR 
` -o64 -——1.1417 -.0160 жәнне) 4168- =: 601 . 51 7 9 20 
‚222 1.1405 = 101957 1.1406 -.79 -1.1424 -179.21 
220 1.1392 -,0154 1.1593 -.77 -1.1528 О 
E 218 1.1580.— -.015149—91.1581—— — 7 6-—1.1255 5295 NJ 
216 151567 -,0149 J 1365 “4175 71.1137 ο - 
‚214 ١١ وودد‎ -.0146 251.555 =,/4 -1.1041 τν. 
1 |. 212 1 1242 g 0142 θά --./72--г1.094ө, ,-179 20 رر‎ 
10 1 ብሰን -,0140 1.1530 -.71 -1.0849 -179.29 
‚208 2125227 -.0138 J. 13515 Se ZU -1.07,5 1ه‎ ክክ 
ሎክ.  -.. a2 WG 2.13504 -.01385_ 1.1305 =. 68.271 2065 6 ee 
‚204 1.1292 ee HÄ A 1.1295 -,67 -1.0560 -179, 84 
202 1.1279 -.,0140 


> eG - — Ón  À—ta وب‎ 


1.1280 =95 


٢‏ ېول له ٩‏ د چم 


66 =1 0463 =479,34 


一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 一 


.200 
.198 
E ن‎ 1 96 
‚194 
‚192 
E90 0 

‚188 

a186 
22 

7182 

.180 
* 06 
“176 
‚174 
72 — 
‚170 
‚168 
E166. - 
‚164 
2162 
.160 
7158 
2156 








€—————— JJ ент 








пыты тты Ры ыыы БӘӘ БББ ењ Б рз > => 


МЕСТАМИ ЕЕЕ ОЕЕО 


———— 


X Y GD PHASE 1/GD(DB) THETA 

Ш 1267 E127 1.1268 -.65 -1.036671 5229 pP 
1274 -.0125 1155 -.64 -1.0269 -179.36 
1.1242 سب‎ 0122 1 242. 62 ЕЕ 0122 РЕ ГОРЕ 
1.1229 -,0120 250 -.61 “17.0075 ті m 
211217 -,0117 1217 -.60 -.9977  -179.40 
1.1204.----.,.0115.--1.1205.--- -.59- 4 088 hS 

.1192 201955 Ш 1192 -.58 -.9782 -179,42 

8131 79 -,0110 1.1180 -,26 -.9685 -179,44 

«1166 ЕЕ 01080201167 59 -.9587 -179, 45 

“1154 -, 0105 1.4154 -.54 -.9489 -179,46 

‚1141 -.0103 21142 -.53 -.9891 -179.47 

.1129 2.0101. 1.1129. >-.22. >=/)/2202. 217/60 

51110 -.0099 ΠΠ e E -.9194 -179,49 

.1104 -.0096 1.1104 -.50 -.9095 -179.50 

.1091 -,0094 | 1.1091 3.49 -.8997 -179 9Ш 

„1078 -.0092 qe 9 -.48 -,8898 -179.52 

.1066 -.0090 1.1066 -.47 -.8799 -179,53 
.1053.. -.0088. 1.1053. -,45. -.8700. -179 95% 

.1041 -,0086 1.1041 -.44 -.8601 -179,56 

.1028 -,0084 1.1028 -.43 -.8501 -179 7 | 
210159992. 0 0 831 1.1016 0000 -.8402 -179.58 Ё 
m -.0079 1 US -.41 -.8502 -179 5% 

‚0990 > 0027 1.0990 -.40 -.8202 -179.60 
.09/7፪መምጅ-.0075 1.0978 -, 39 -..8103__-179 461 1ل(‎ 
‚0965 -,0074 1.0965 > 38 -.8003 -179.62 

.0952 -.0072 1.0952 ~ OF -.7902 -179.63 

. 0940 -,0070 1.0944.  -.57 -.7802 -179 7% 

.0927 -.0068 1.0927 -. $6 -.7702 -179.64 

‚0914 -,0066 1.0915 -.35 -.7601 -179.65 

. 0902 -.0064 1,0902: | -.84 | .-.7500 -179.66 ` TW 
.0889 -.0062 1.0889 -.33 -.7400 -179,67 

‚0876 -.0061 1.0877 ουν -.7299 -179.68 

.0864 -.0059. 1.0864 |  -.31. .-.7198 -179 .69 

082 -,0057 1.0851 - . 0ک‎ -.7096 -179.70 
5 Ὁ -,0055 1.0839 -.29 -.6995  -179.71 

.0826 2.0054 1.0826 TEMP S08 -.6894 -179.72 

‚0813 -.0052 1.0815 -.28 -.6792 -179,72 

.0801 -.0051 1. 0802 -.27 -.6690 -179,73 

‚0788 -.0049 1 0780 -.26 | -.6588 -179.74 

07/5 -,0047 1 70777 -.25 -.6486 -179.75 

.0763 -.0046 1.0763 -.24 -.63884 -179,76 

0720 = 0044 1.0750 NE 24 -,6282 -179,76 በ 
-0737 -.0043 οσο -.23 -.6179 -179.77 

. 0725 =,0043 1 07215 -.22 -.6077  -179.78 | 
.0712.. 2,0040. 1.0712  -.21..--.5974..-179.79 ШЫ 
. 0699 -,0039 1.0699 ETT -.5871 -179.79 

‚0687 = 8 099 1.0687 -.20 -.5768 -179.80 

‚0674 -,0036 1.0674 5,49 -15665 1793 mg 
.0661 -.0034 1.0661 Μ᾽ -.5562 -179,81 

.0649 = 007 -,18 


1. 


„а 


0649 


. >->ሙሙመ اس‎ 一 一 一- -一 一 


- 2458 -179,82 





NEGATIVE DEFICIENCY 


— 一 一 一 بەس — . امه‎ 























R X Y GD PHASE 1/GD(DB) THETA 
.100 1.0656 يي‎ 0 5 2 1.0636 - 1.7 20055 9 μονος 
. 098 ja, 06 2 3 =. 00351 1.0623 E16 -.2251 -179,84 
ЖЕ 7Ы----096---1.0610----.0029 1.0610-----.16---.5147.- -179.84 
.094 0596 = 0028 1.0396 ας 2.20459 1 29 489 
1092 ΟΡ -.0027 1500585 "NS е 4959 179995 
ከስ 2:------2090---1.05/2----.,0026--1.0572 -.14----.4835---179,86------ 
.088 1.0560 ze 1.0560 απο ps) онны 
. 086 1.0547 -.0024 1.0547 “ы. 4626-1207 57 
--0084---1.405254-.----0022---1.0534--.12----4521---179.88 
. 082 1.05 22 zou 1. DD522 መሪ чаб d] AQUI Ρ 
. 080 1.0509 -.0020 τ ኞች. SES "АЛА? 
ИЕ 078. 0496 0019 1.0496 — —. 11. 206 eo 
‚076 1.04843 5 1.0483 -.10 75724101 7-70) 
‚074 1.0471 =. 0017 1. 0421 Би = Зое ال‎ 
ΙΙ 1 04 Soe. OOD GG T0586 το ae OOO Cue 7. 
207 0 1.0445 0016 1.0445 2:99 205785 ТОИ 
. 068 1.0453 ου. 1.0435 -.08 2.0679" = 170 
E066  1.0420—— x=. 0014. _ 1:0420. =, لہ‎ ኮከ -መመመጠጠ ጋ 7 له سردد‎ dm C 
‚064 1.0407 070 1.0407 ΗΠ; ООО ОО 
. 062 140.595 = Шо 1.0595 E -.2461 -170%5 
ЕЕЕ 6) 1.0332. -.0011" *"T.0582—— —-.06M -. 52592-17994 
.058 1.0569 πουν. 1.0569 -.06 -.5148 -179.94 
056 1.0556 -.0010 1.0556 -.06 -.ó049 P1 79934 
2-054... 1.0544. ———.0009—- 1-034472 м ο πε οο ο μι οι -- 
. 052 105391 - , 9 τυ =: 05 2852858 7ه‎ 5 
.020 1.0518 ue 1.0518 -.04 “κο λος ασ... 
ШИНЕ |,0፡ሀጋሬጨ፡.000መ ۹154030 E = 261 4-2-1797 
. 046 1.0293 = 0.0 027 1.0295. -.04 -.2906 -179 96 
‚044 1.0280 -.0006 1.0280 405 -. 2099 ης 
042 1.020 ,0006—1.02672 ም š r.000912—71 79449 Ἀπ 
. 040 ጊን ህሪ ሪጋ -.0005 1.0255 zum S -.el84w 1799 
‚058 1.2 -,0005 1.0242 >=, 03 -,.2076 απο η 
ай! з бш m. 0229 ۳.000 سه‎ 1:022 - ሪጨ ----ጨ لل‎ 968 2105 
‚054 i" 9655 -,0004 1.021065 22 -,1860 179098 
‚052 1.0204 -. 0003 1.274 ግር ብ. - 1751 =й 
oe. 0 SO 1.0191 -7.00035— 1.0191... 02. —2.1645-——179 7 90 АКМ 
. 028 120178 mg 1.0178 0 -,1535 ”了 ٢٢ 
‚026 1.0166 ~, 0002 1.0166 | - 1426 -179.99 
E 1. .024 1.01953 ους EOI ΝΞ UT 7.1517 __ -179 0992655606 
. 022 1.0140 -. 0002 1.0140 zu -.1208 9 
.020 оре? -.0001 dua En] -.1099 21276... 
η". .018 0115 -.0001- 1. 0115 -. 01. =. 0990179, 99 
‚016 1.0102 = ООО ο 55፡11) -.ὐ860 160, 
‚014 1.0089 -.0001 1.0089 59111) “,0/71. 18020 
Ж ЕЕЕ  à—.012—— 1.0076 -..000 Gee 1.0076 —=-.00 مت‎ ,.06 61 ια. لال‎ 
010 1.0064 -.0000 1.0064 00 - 059951 -180 00 
‚008 dee Da -.0000 1.001 550.1 -.0441 -ІЗШШІ 
ЕЕ  — —006 1.0058 2,0000..1-090368— H H ሬሬ፦0በ:2,) ሬር:ዯ አ) жн 
‚004 1.0025 - . 0 008 1.0025 ٤. 00 - لآ ولل ه0221‎ 


‚8602 1 D 04 3 =,0000 4,0018 =,00 =, 0134 10 


———————— امو‎ rn —  — — —— کد‎ z ++ - س سد ا س س‎ e e e ل‎ 一 一 -一 一 - ————————— 
. 


Ем. 4 ے‎ Жа ο μα... | ШІ 


APPENDIX X 


Coulomb Friction 


Coulomb friction is present in varying degrees in all 
mechanical systems, This analysis considers only moving 
friction and neglects any static friction or stiction. 

In the idealized nonlinearity shown in Figure 4-1, if а 
torque is applied which is less than the maximum friction 
force the output velocity will be zero, Once the input torque 
exceeds the maximum friction force the system will have a 
resultant output torque which is proportional to the input 
torque minus the coulomb friction. The describing function 
(and the resultant data) for coulomb friction is identical 


to that for deadzone, 
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Velocity 


COULOMB FRICTION 
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COULUM3 FRICTION 


R GD( UW) 1/GD (DB) R gD CIN) 1/00 (DB) 


一 一 一 一 -一 一 一 一 一 一 一 一 一 — د‎ -一 -一 一 -一 一 一 一 一 

















= 000 m= 0000 жь «e )الوم‎ — wn) А 2 ات‎ 
.998 0001 79.1979 .898 - .0385 28.2900 
. +996 .0003 70.2901 .896 .0396 28.0397 
m 402904----.0006----65.0403--------.5045 HE o PIC 
992 «0009 61.3074 892 2.0419 27.5534 
,990 ‚0012 58.4095 - .890 0451 27.3178 
. 988 -0016——_56.0407_—_____ E app 20442 9760000 
‚986 ‚0020 54.0376 ‚886 ‚0454 26.8571 
‚984 ‚0024 52. 5025 . 884 ‚0466 26.6333 
4982----.0029м4ж,-50.7717-- д -» .882 0476 αι 
.980 .0034 49,4026 880 ‚0490 26.1970 
.978 .0039 48.1642 .878 .0502 25.9844 
«976.  .0044... 4}.0558,., 076 eee 
‚974 ‚0050 45,9941 874 0527202522) 
‚972 ‚0056 45.0316 272 . 05459 25,355 
E T9705 .4,0062-—— ми ЗБ ጨፌ.፡፡5/0ጩማ -ሐ. 220660 πη 
‚968 ‚0068 43.2978 868 . 0564 24.9716 
966 7007 5 42.5108 .866 „0577 24.7784 
ee See 864. ,.0590 __ 24.5881 
‚962 . 0088 41.0674 ‚862 .0605 24,4006 
.960 .0095 40.4019 .860 . 0615 24.2159 
EMOSS -- 010 See 59. 7690 656 «06299 | 24.0338. — ٢ 
‚956 0140 39.1657 . 856 .0642 23.8544 | 
‚954 E0118 $8.5893 .854 . 0655 25.67 | 
8 ጋ 041255 50 15/5 «852... .0668 . 238.5029 ЕЕ 
‚950 ШІ 22 37.5084 850 Heo 23.3307 
.948 BU 67 0001 ‚848 ‚0695 23.1609 
546 በ14 36.511958 .846 «0708. 22.9935 s 
‚944 ‚0158 $6.0401 . 844 .0722 22.8280 | 
942 .0166 35.5856 . 842 „0746 22.6648 
,940 .0175 55. 146 6 Es 840. .07520 22.5036. SS 
938 .0184 44.7221 .838 207763 22.3445 | 
‚936 NOTOS 34.3112 .836 0777 22.1874 i 
Eco - በጋበጋ ШО ОТУП -6834 P0791 22.0325 0 
.932 ο 51 2267 .832 . 0805 21.8790 
.930 . 0220 7و د‎ ‚830 „0820 21.7276 
-.. O20 0229 32.7874 4.828 _ .0854 21.5779 ШИ 
NOS E02 59 52.9331 ‚826 ‚0848 21.4301 
‚924 ‚0249 52.0884 .824 .0863 21.2840 | 
.. ου ο ЧЕ [258 51.7527 22522 .0877 21.139 WT | 
‚920 ‚0268 31.4255 .820 .0892 20.9967 | 
918 .0278 51 00> .818 .0906 20.855,00 | 
te .0289 ος που. u 816 . ..09፡1 --270.71595%ቄሜ5ስስስስ 
‚914 0299 380.4914 ‚814 ‚0956 20.5778 | 
‚912 ‚0509 50.1946 ‚812 ‚0950 20.4413 | 
КУ 210 .— .0320,——29.9045— CREME 810 η; 20.3062 2 WE 
.908 D350 29.6208 808 ‚0980 20.1725 | 
. 906 0341 29.3433 ‚806 . 0995 20.0403 
eet ‚0352 29.072172 та ҮІ 19.9094 . ___ 
‚902 20563 28.8058 .802 1026 19.7800 


R СО Ји) 1/6р 





























COULOM3 FRICTION 





سو 








R GDCJW) 








一 一 一 一 一 一 一‏ م 


1⁄GD 00) 


—————————— 


sis Dio o G SEE 








ين 11.6146 


21.4 164 = 


113925955 EM 


ګګ 11.055854 


Aa (DB) 
νη... — .300.——.1041-——19.6518.—— Ug eet st ὍΤΙ, ... 
Wales .1056 19.5250 - .698 .1899 14.4275 
‚796 EE 19.3994 ‚696 ‚1918 14.3444 
1 هخ تت‎ Fee 108 7 ——- 19, 2751 ——___. _____. 69 4-1 956 —— 
| . 792 ΠΠ 19.1520 ‚692 ‚1954 14.1799 
zeg .1118 19.0301 .690 .1973 14.0985 
.788 ai134-——18,.9094- —.——— — — 588—091 59. — ag 
‚786 ‚1149 18.7899 ‚686 2040 13.9373 
‚784 ‚1165 18.6715 .684- .2028 13.8574 
EE  . ..:62 -—181-»——18.5542.— ОВЕ «ο m БЕ 
ШӘП 1197 18.4381 680 6 13.6994 
‚778 15 181 1 . 678 .2084 13.6211 
Ж ЙЫ 6 120. 18.2089 — 676 211 በመ 23,544 τ. 
774 ‚1245 18.0959 .674 асе 13.4661 
"UP. 12ε] 17.9840 .672 .2141 13.3893 
70 1277Z 17.8730... 670 22150 9] e 
.768 .1294 17.7630 ‚668 ‚2178 1 
.766 .1310 17.6540 . 666 . 7 15 6 
764 Jd uoce. IUD MM —664-.——.9216. 13m M 
‚762 1343 17,4388 ‚662 Eu 13.0127 
‚760 ‚1359 17.3326 . 660 .2255 12.9388 
NON Soc c1. 22 / Sca 1 .658.— . «220s 12 SS 
‚756 „1393 17.1229 .656 - 3 12 37928 
‚754 ‚1409 1721194 .654 .2312 19934057 
ЕЕ  ..752........1426 109906 7 RN 6939-٢-٢ ٢-251 1220405 M 
P. ‚750 .1443 16.8149 ‚650 2553 12.5758 
„748 ‚1460 16.7140 ‚648 2370 12.5045 
«746 ETE 16.6138 6۹ی-تي‎ 6-320 ια"; هرل د‎ 
.744 .1494 16.5145 ‚644 „2409 12.3632 
‚742 .1511 16.4159 .642 .2429 12.2932 
oe «τα... ..1528 1 اس‎ NE “6 2, 2448-2٢ 1 تک‎ 
‚7358 ‚1545 1682212 .638 .2468 12.1543 
736 .1562 16.1250 . 636 ‚2487 12.0855 
wën TEE Dag en 1 6, 029 GI ee 
.732 .1597 15.9348 ‚632 .2527 11.9490 
.730 .1614 15.8407 . 630 .2546 11.7 
Ооа 52 — 1574 7 0 ٢ل‎ E 2566 |. 11.8141. 
„726 „1649 15.6549 . 66 .2586 11.749 
‚724 ‚1667 15.5630 ‚624 ‚2606 11.7 
.722 2052,2 15 1... 469222 ጋር == 
720 ‚1702 15.3813 .620 .2646 11.5488 
.718 .1720 15.2914 .618 . 2666 11.4834 
“<=. تمس نې‎ o NM .616 ---.2686 — 
.714 .1755 15.1136 .614 ‚2706 11.3537 
KEE πμ 15.0257 ‚612 ‚2726 11.2893 
NEN ዉን) 14.9084 2530-9 ος 
‚708 ‚1809 14.8518 ‚608 ‚2766 1128547 
‚706 .1827 14.7657 ‚606 ‚2787 11.0984 
AG El, 144600085; ‚604 .2807- 
‚702 „1863 14.5955 ‚602 ‚2827 10.9728 


ва аланла መባ ብ” 


ክ 











GUC Jw / GD 

ን ሙዱ LO 6 28 48 1 ሀ 
45 939 .2868 10 

‚596 .2888 10 

ጨሬ 42994 = «29092 = 10 
4992 .2929 10 

‚590 ‚2950 10 
ИОК e297 Oe 10 
586 .2991 10 

.584 «9012 10 

0 05د سه 582 .... 
10 505% 50 

57/8 «4074 10 
te былды 2095 0 
.574 22116 10 

Nu» Le «$136 10 

۸1 اسم ګګ‎ ٢ 3157 SEH 
566 ‚5178 9 

9 ژيې. 560 

p n4 δη. 9 
τος «4241 9 

.560 „5265 9 

бү ОЕ сз ы ‚5284 9 
990 Oo Ue 9 

‚554 .3526 9 
n መ ሜም ን ። ከስ „4547 9 
፣,220 S568 9 

‚548 „5590 9 
еее Асты - 5412 9 
.544 $432 9 

‚542 ‚3454 9 
К.сар S475 9 

"58 . 3497 9 

B5 565 АЭ 9 

ШЕН 4524.77 =, 554.0 9 
05.52 ει 8 

250 25582 8 

ше 525 3604 8 
2226 . 5626 8 

.524 256425 8 

ЕІ 522—669 8 
2920 "5691 8 

.21 8 ο). 5 8 

۹ ٩۹6 ότου 8 
514 376 5 

E512 . 376 8 
ا‎ 0 m=. 800 8 
ጩን 8 ‚5822 8 

‚506 ‚5844 8 

8 53866 . ته 0 وو  -‏ 
8 258898 902 


COULOMSB FRICTION 
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---.. -------- -- ------- 


~168- R. .-τ-ΠΡ᾽ 











(DB) R ου т ЕУ 
.9105 500 .5910_ ..8.1564 ΠΝ 
„8485 :4ο8 - 2.3920 8.1075 

7868 ‚496 „3954 8.0588 

7255 М ‚494 تو‎ 44976... 8.0104 - 
6645 .492 ‚3998 7፡20 а 

„6038 ‚490 .4021 7.9140 | 
1543542 TE 488 = 2045 CE 
.4833 .486 .4065 7.8185 
.4236 .484 .4087 7.7711 
жо и _. 482 ИІП “ала 

3049 „480 . 4192 7.6768 
Sog .478 ‚4154 7.6299 
يټ‎ 5 N r 70 7.5832 
ze .474 „4199 7.5368 
0712 NUUS .4222 7.4905 

1455 __  ,470.. .4244 7,4444 
‚9561 „468 4267 7.3985 
.6990 .466 .4289 7.3528 
„8421 4642-4512 0 
.7856 . 462 „4554 7.2619 

7292 „460 ‚4357 7.2167 
„6732 „458 4379 7:4. 2268 
6174 . 456 .4402 7. 12098 

„5619 ‚454 ‚4425 7.0825 

„5067. ‚452 ‚4447 7.0378 

24917 ‚450 4470 6,9936 

„34970 . 448 ‚4493 6.9495 

5426 ος... 5 6.9055 

„2884 „444 „4558 6.8618 

.2344 442 .4561 6.8182 

.1807 ,440 4284. 6.7748 - 
TIVE „438 4607 6.7315 a 
0741 .436 0 6.6885 | 
w .434 4658... 6.6455 2 
.9684 .432 .4676 6.6028 | 
„9159 . 430 .4699 6.5602 | 
.8647 Кара .4722 6,5178..... 22 
η „426 4745 6,4756 
.7599 .424 ‚4768 6.4335 
„7084 ‚422 4791 6.3915. 
.6571 ,420 .4814 6.5498 

.6060 .418 .4837 6.3081 

„5952 ‚416 .4860 6,266 

.5046 ‚414 ‚4884 6.2254 

„4542 141772 .4907 6.1842 

‚4040 So 6. 142266 

3540 . ‚408 ‚4953 6.1024 

‚3043 ‚406 ‚49/6 6.0617 

.2548 4041 REED LE 6.0211 МЕ 
.2055 ,402 ‚5023 5,9807 


Cr < — a سه‎ 





COULUMB FRICIION 








R GD( UW) 1/05 (018) R EDC iu) 1/60] لل لل‎ 
اا‎ -۸ 0 „5046 909405 0000.624 2.4.09 Эба  - 
. 398 .50 70 5.9004 286 .6263 4.0648 
‚596 „5093 5.8604 .296 .6287 4.0311 
(55-594 2፡10: О ЖА $ „б З ла О ООН 
د و وی‎ ጋ. 5.7810 ‚292 .6556 5.9641 
.390 .5163 "7415 . 290 .6360 3.9308 
ЕЕ 88 5 6 سټي21 )»هه د‎ 268 652٥5 IS 
. 386 ; D 2d 5.6629 .286 .6409 3,8644 
. 384 .5234 5.62358 .284 ‚6453 3,8314 
πο . .5299. .. 525848 2282. 4.6458 | 38.7985 
. 580 . 5 284 5.5460 .280 ‚6482 5, 7657 
287 8 „5304 5.5073 ‚278 ‚6507 3.7330 
76. --- 5 2Bc uut 54.6 8 82>— sss. ἕνην», 6 ОА 
E374 5552 5.4304 2771 . 6595 3.6679 
.372 ‚5375 5.3921 هه‎ .6580 3.6355 
E πμ;  ,5399. 5.3540... 2n 6604 سک‎ 6۴02 M 
‚368 15426 Sol oo ‚268 6629 552710 
‚566 ‚5446 2 271 . 266 . 6654 3.5589 
3464 ° ማዎ ووي همس .2 په وې"‎ — a UO 
362 25494 5.2028 .262 .6703 3.4750 
. $60 σα. 5.1653 .260 .6727 3.4432 
ορ ED ida 51280 MM “258. mg. سوه‎ Ὁ,ιιι- 
356 ‚5565 5.0908 ‹256- 6776 3.5799 
„854 .5589 5.0537 ‚254 / .6801 5.3484 
1 δρ «5615 5.0168 “252 6826 δυο m 
| . 350 .5636 4.9800 .250 .6850 3.2857 
‚348 ‚5660 4.9453 ‚248 ‚6875 3.2545 
914 6 =. .5684- 4.9067 - 2 46. ==. 69 —— — τ"... 
. 344 .5708 4,8702 ‚244 ‚6924 πο.” 
‚542 .5732 4.8339 . 242 .6949 3.1614 
.340 . 5756 4 م79‎ ٢ 240 EE Seat S06 
338 .5780 4.7616 .238 ‚6999 3.0998 
„336 ‚5804 47772597 .236 . 7023 3.0692 
3534 .5828 . 4.6899 .- ac ge ae nn κι... 
552 .5852 4,6541 .232 .7073 3.0082 
330 .5876 4.6185 . 230 .7098 2.9778 
52 — 5 90 0 4.585128 . 228 ተመ 2.94.  - 
‚326 ‚5924 4.5477 ‚226 . 7 1 57 2.9173 
924 .5948 47 5125 .224 71/2 2.8872 
Eu 2 .5972 "EE .222 ‚7197 2.8572 
52 |) .5996 4,4424 .220 .7222 2.8273 
‚518 ‚602% 4,4075 ‚218 ‚7246 277974 
1 ..3216..— 6045 4.3727 TUN 2 57 2/6 2.7677 2M 
ES .6069 4,3380 ‚214 .7296 2,7380 
2512 ‚6093 4556035 .212 27520 2.7085 
EEUU S310 6117 4.2690 E21 7346 2. 67 9 ни 
‚308 6441 4,2347 .208 371 2,6496 
406 «6166 4.2005 ‚206 . 7396 2.6203 
1 50 4 6190 4.1664 E .204 B PEN 2.5911 и 
‚302 ‚6214 4.1324 .202 ‚7446 2.5619 
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COULOMB FRICTION 
R GD( JW) 1/GD (DB) R GD CIRI 1/GD (DB) 
55 (ጫም 7 47 2529© ee, 1 00 د ۵ه تت‎ ene 
.198 . 7496 2.5059 .098 - .8754 1.1556 
.196 27521 2.4750 . 096 .8780 | 1.1305 
| 19 4B —ne 7 5 46: 2.4462 - ,094 .Θ805 4 1055 
‚192 7570 2.4175 ,092 8830 1.0805 
. 190 .7595 2,3889 090 6856 1.0556 
ρε ——76520 «De S603. = 58 .8881_ 1.0308 
.186 .7646 25፡10 .086 .8906 1.0060 
.184 1674 2.3035 084 8932 9813 
КСО O90 حر‎ 752 «082 - ,8957. .9566 
. 180 ποι 2.2470 . 0 .8982 952 
E 8 ‚7746 2.2188 ‚078 .9008 „9075 
ET E ο τοι... .076.. ..033 .8831 
.174 .7796 2.1628 .074 1999 ‚8587 
እ 7 7621 2.1349 072 ‚9084 „83544 
αρ - ρα -υ ο 7 ٩2070 یا‎ ۰٢ ‚8101 
‚168 ΠΟΠ 2.0793 .068 „9135 „7860 
‚166 7896 2,0517 . 066 . 9160 . 7618 
SS ODL 27200102410 064-9216 ٣٣٣77 
.162 . 7946 1.9966 062 2፡2 8. „7138 
„160 "7972 1.9691 .060 9237 .6898 
ЖӘЕ σου 141999418: 058— .«9262.— 668 
‚156 ‚8022 1.9145 .056 .9287 .6422 
.154 .8047 1.8873 054 £9313 ‚6184 
8:22 8072- 1.8602 .052 9358 ‚59478 4 
. 150 .8097 1.8352 .050 . 9364 2748 
‚148 „8123 1.8062 . 048 .9389 .5475 I 
«146. «8148 1 27793 ‚046 „90415 .5240 1 
,144 391078 oS .044 .9440 ‚5006 1 
‚142 ‚8198 1.7257 „042 . 9465 . 4775 | 
N40 48223 1.6991 040— 9491. . "EE 1 
δα «8249 1.6725 .038 .9516 . 4306 | 
‚136 “6274 1.6460 ‚036 „9542 „4075 | 
Coa :4 18299 1.6195 а را‎ СЫ ‚35843 1 
432 8324 1.5951 . 032 .9593 „3612 | 
.130 .8349 1.5668 .030 .9618 , 3382 
,128 2 2458375 1.5406 = 268 ОРАД . 515 ٢ 1 
‚126 „8400 1.5144 ‚026 „9669 „2924 
4 .8425 1.4884 .024 .9694 .2695 
ЕСІ .ε75ι.. 1.4623 022 — QUOD ‚2468 1 
ЕЛЕР .8476 1.4364 .020 9745 ‚2240 
18 .8501 1.4105 .018 297/71 „2014 
ИОНИ 165128526 1.3847 ‚016 9796. .1798 ЖЕ 
1 12 ,8552 1.3590 0148 ">с, ‚1562 
Ei 8577 1.3333 .012 .9847 SE 2 
E. Be 20550 77 4010... 98675. . ....1115. и 
.108 .8628 1.2822 .008 ‚9898 . 0889 
.106 ‚8653 1.2568 ‚006 ‚9924 ‚0666 
EMEN )4 «8678 1.2314 .004 9949 . 0445 τ 
Bh 8704 1.2061 .002 ‚9975 0220 
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APPENDIX XI 


Friction Controlled Backlash 


In a gear box with backlash, if the inertia of the 
output member is small compared to that of the input member 
and the total friction is significant, then the output 
inertia may be ignored and the nonlinear element is said 
to be friction controlled, The result is that the velocity 
of the output member goes to zero whenever the input member 
reverses direction, The graph of the transfer function 
between input and output is shown in Fig. XI-1. 


For a sine wave input E sinWt the output is 


g(t) = k(E sinwt - B/2) 0 < wt <T/2 
g(t) = k(E -B/2) T/2 L wt < T- 
g(t) = k(E sinwt - B/2)  TT-e 4 wt 


The fundamental of the Fourier Series representation of 


the output is 


Ay cosWt - By sincot 


where 


ኅፐ 
Bi ځ-‎ f ste) sinwt dt 
О 


πα. 


Integrating and dividing by the input amplitude gives 


А, w- sin"1(1-B/E) + sin (2 sin-l(1-B/E) / 
= 


k 
т 


| 
| 


1 
M 


31 


| (E) - Gf) 


соз“ 6 = зіп-1(1-В/Е) 


als 


GD = A, - jR 


- AY - B? / erc? ETH 


Two simplifications may be made at this point, First اد‎ 
all, the slope (k) of the linear portion of the backlash 
loop appears as an external multiplier, It may therefore 
be removed and combined with any other gain factors in the 
system. Secondly, it may be noted that the ratio B/E has 
been preserved in the above equations, The describing 
function may be computed and plotted as a function of this 


ratio, For simplification, the inverse of this ratio, 
R = B/2E 


was used in the computation of the data. 


-1(2- 








| OTe. tU 
ዘ 


t: 
t5 


1 + 1 sin l(1-88) + sin(2sin (Шу 
| اه‎ ршн ы R 


Х = ра 
Y = -1 cos“(sin" l(1-2R)) 
7 


GD = /8*ፆ + ና tan" 
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FRICTION CONTROLLED BACKLASH 
Figure XI-1 
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FRICTION CONTROLLED BACKLASH 


REAL AND IMAGINARY COMPONENTS 
Figure XI-2 | 
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FRICTION CONTROLLED BACKLASH 
MAGNITUDE(DB) AND PHASE 
Figuro XI-3 
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R REAL IMAG GD PHASE | 1/GD(DB) THETA 
1.0000 ‚0000 -.0000 .0000 -90.00 a -90.00 
.9980 .0002 -.0025 .0025 -86.56 51.8829 ` -93.44 
| ..9960 ..0004.  -.,0051. «0051 . -85.15. ዓ5,6643 “94,865. 
9940 .0008 -.0076 .0076 | -84.07 42.3445 -95,93 
9920 ,0012 -.0101 .0102 -83.15 39.8476 -96.85 
.9900 .0017 _-.0126_ i. 0127__-82.35__ 37,9114 0 αὶ 
. 9880 ,0022 -.0151 .0153. -81.62 36.3297 -98.38 | 
‚9860 .0028 6 .0178 -80.94 34.9928 -99.06 
ου) 00541٩ لتو‎ #6 .0203 -80.32 33,8349 -99.68__ 
9620 .0041 7 .0229 -79.73 32.8138 -100.27. 
.9800 ,0048 - -.0250 .0254 -79.17 31.9006 3 
. .- . ,9%780 . .0055 >፦-,0274.. ,0279 __ -78.64__31,.0747__-101.36 TEB 
. 9760 20065 0298 .05051 -78.13 30.3209 =10% 3 
| 9740 ,0071 >,0322 „0530 -77.65 29.6276 -102.35 ' 
ООУ 7209. 00799990347 ,0355-. -77.18 28.9859. -102 902 | 
.9700 .0087 -.0371 .0381 -76.72 28.3886 -103.28 
.9680 .0096 -.0394 .0406 -76.29 27.8301  -103.71 
οδό, 0105-0416 .04381 -75.86 27.8055 .-104.14 m 
| .9640 701159 0442 .0457 -75.45 26.8110 5 
„9620 „0124_ -.0465 .0482 -75.05 26.3434 -104.95 
.9600 | .01384 __-,‚0489 .0507 | -74.65 25,8998 -105,35 መ 
.9580 | .0144 -,0512 „05327 ~ -74.27 25.47860 “απ... 
.9560 .0159 -.0536 .0557 -73.90 25.0760 40د‎ 
necs 9540 «0465 -.0559 .0583 -73.53 24.6919 -106.47 0 
. 9520 101769 0582 .0608 -73.17 24.3242 0 3535 
9500 ‚0187 -.0605 .0633 -72.82 23.9716 -107.18 
a "A-9480 0198 -.0628 .0658 -72.48 23.6330 -107.52 A! 
.9460 ° ‚0210 =,0650 .0683 -72.14 23,3072 -107.86 
‚9440 ,0221 1675 .0708 -71.81 22.9933 -108.19 | 
' ውው 20% ከጋን መ 065596 .0784 | -71.48 222.6906 -108.52 58 
.9400 .0249 -.0718 .0759 -71.16 22.3981 -108.84 
9380 ‚0257 -.0740 .0784 -70.85 22.1154 -109.15 
EE e Oe 0270 -.0763 .0809 -70.54 21.8416  -109.46 
.9340 ‚0282 -.0785 .0834 -70.23 21.5764 -109.77 
.9320 1 75 0807 .0859 -69.93 21.3191  -110.07 
1 Ὁποῦ. .0308 -.0829 .0884 | -69.63 21.0694 -110.57 55 
.9280 052 - 81 .0909 -69.34 20.8268 -110.66 | 
.9260.- ,0334. =,0872 0954.  -69.05 20.5908 -110.95 | 
Foo SR د۱14‎ 0894 ,0959 _ -68.76 20,3612. 11 ee =н 
.9220 «0464 6 .0984 -68.48 20.1377 -111.52 | 
.9200 "0375 | -.0937 .1009 -68.20 19.9198 -111.80 
_  — 4.9180 «0989 -,0958 4054.  >67,93.. 19,7074. 11207 ګل‎ | 
.9160 .0403 -.0980 .1059 -67.65 19.5002 -112.35 
9340 BEE ie .1084- -67.38--19,2979 117 
B EM 9120 $0431 -.1022 ‚1109 | -67.12 19.1003. -112.88 ЕБ 
.9100 0446 " g 3 .1134 -66.85 18.9072 5 
.9080 .0460 -.1064 1159 -66.59 18.7183 -113.41 | 
| .9060 0475. 50056 .1184  -66.383 18.5336 -113.67 И 
.9040 ‚0490 -.1105 .1209 -66.08 18.3529  -113.92 | 
9020 «0305 -.1125 ‚1254 -65.82 18.1759 08 | 


BEE _ 1p ብ ` 1 - 


—— — -- 


IMAG 


-.1146 
-.1166 
gis LUNES 
-.1207 
-.1227 
سا‎ 
-. 1266 
2.1265 


E 3 -». 1906 


=. 08525 
‚1545 
‚1364 
‚1583 
‚1402 
.1421 
.1440 
1459 
‚1478 
‚1496 
- 1905 
‚19233 
< ее 
‚ 1569 
.1588 
‚1606 
. 168015 
-.1641 
(1099 
, ህመ 
«1694 
‚1711 
8222210 
. 1746 
(1765 
. 1960 
-.1797 
278142 
1850 
‚18646 
. 19865 
πα. 
. 6 
. 1912 
‚1928 
‚1944 
‚ 610 
‚1975 
-.1991 
-.2006 
«,2022 


FRICTION CONTROLLED 


GD 


‚1259 
‚12835 
.1308 


4135358. 


. 1358 
‚1383 
‚1408 
‚1432 
‚1457 
‚1482 
„1507 
WR 


. 1581 
51018 
«1660 


«1655 


‚1679 
‚1704 
‚1729 


ТА ү 


. 17728 
‚1803 


‚2194 
T22 16 
-2243 
.225 7 
2291 
٠ د‎ ٥6 
„230 
‚2364 
‚2389 
‚2413 
‚2437 
.Ξ464 
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BACKLASH 


PHASE 


-65.57 
“61D . 2 
2652708 
-64.83 
-64.59 
-64.395 
-64.41 
-63.88 
-63.64 
-653.41 
-63.18 
-62.95 
-62.73 
-62.50 


| -62.28 


-62.05 
61.3 
=61 561 
-61.40 


-60.54 


-60.12 
-69 94 
-59.70 
-59.50 
-59 080 
-59 209 
-58.89 
-58.69 
-58.49 
-58.29 
-58.09 
πο ود‎ 
لر وره‎ 
7.5 
асот 
-5 11 
-56.92 
-56.73 
-56.54 
-56.45 
-56.16 
"509.965 
“55,79 
- 8 ου 
-55.42 
«55.25 


ee 0 





یس 


4 / 31) (ሆሮ) THETA 
18.0025 35 
17.8326 -114.68 
1446660. 21459090 СЕС 
17.5027 07 
17.3425  -115.41 
17.1852 ae | 
17.0508 09 
16.8792 02 
16.7303 -116. 26 
16,5839 -116.59 
16.4401 2 
16.2987 -117.05 ` 
16.1596 -117.27 
16.0227 40 
15,8881 11712 
15,7556 -117.95 
15,6254 118.17 
15.4967 -118.39 
15.3702  -118.60 
15.2456 22 
22.15.1228 77119718 
15.0017 11925 
14,8824 -119.46 
14.7648 ۹77 
14.6488 086 
14.5344 -120.09 
„14.4 00862. “τοπ ο 
14.3103 -120.50 
14.2004 -120.71 
14.0920 -120.91 
13.9849  -121.11 
13.8793  -121.31 
13.7749 -121.51 
15.6719— "12257 
13.5701 21,717 
15.4695 —-122 019 
15.357027 21225 0 
13.2720 -122.50 
13.1750 -122.69 ` 
153.0791 99 
12.9843 ۹8 
12.8906 12327 | 
12.7979 123.46 
12.7063  -123.65 
12.6157 125 50 
12.5261 -124.02 
12,4574 41 
12.8497 “126,450 | 
12.2629 ”1ረ4ዓ,58 
19.1770 “124.77 
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R REAC IMAG GD PHASE 1/GD(DB) THETA 
«8000 ‚1424 -.2037 ‚2485 -55.05 12.0920 -124.95 
.7980 ‚1444 -.2052 ‚2510 -54,87- 120079 ode wf 
го гга жге 0 ‚1465 -.2068 ‚2534 -54,69 11.9246 -125.,31. 
| ‚7940 ‚154852 -. 2083 . 2923 -54%50 11.8422 “222688 
‚7920 „19206 207 . 2062 -5432 11.7606 = 
Nee 9009 .1524 ته‎ cuc „2606 - 5414 11.6798. 125 ΕΣ 
. 7880 . 1547 =. 21027 ‚2650 -5b5.,96 11.5998 “ο. ۳ 
‚7860 ‚1568 -. 2142 .2654 -55.79 11.5206: -120m E 
ОК 8405 1589 2196 .2679 -55.61 114422 ---126,39 > =m 
7820 „1610 -.2171 .2703 -53.4537 11.3645 > -126 nN | 
. 7800 . 1651 -. 2185 ‚2727 -53026 11.2875 "125 E 
"77807 7 1652395 - 21999 σα. ~55.08  11.2112_ _- 1205 - 
‚7760 1674 s 2215 . 20075 -52.90» 11.1357 πο لر‎ 
‚7750 51992 -.2227 2799 -52.73 11.0609 ТИИ 
p h 7720 1/16 -. 2241 . 2:02 5 -52,56 10.986} -127,484 5 
7 700 ኞ 7 رر له 10.9132 52.$8- 2847‚ 2255.- ۶د‎ 
» 7680 143.7959 -, 2269 . 2871: -52.21 10.8404 5 -1 D 
А = 7 a0 0 221781 -.2282 0995 -52.06 10.7682 -1ἑ}ι96 ΠΗ 
‚7640 19842 -.2296 .2919 -51.8/ 0,696/7- “ብሪ 656) 
‚7620 „1624 =. 2309 -2942 -51.70 10.6258 οι... 
ио 7600 СІЗО = 2520 . 2966 -51.55 10.255 5... 
‚7580 1 ӨБ / -,2536 .2990 -51.56 10.4858 πι... 
7560 -1389 -.2549 .5014. -51.19 10.4167 رر لل‎ 
ረ _ 7540 Т Эа -,2562 „5058 ~51.02 10,548 5 -128,98 8 
. 7520 . 1985 -. 2575 ‚4062 -50.85- 10.2804 7 በዩ. 
‚7200 ' 1955 -.258/ 29756 -50.69 10.2130 “ТБ 
Ei. ረር ም _ «7480 „1977 -.2400 . 5109 -50.52 10.1462. δν 48 "= 
‚7460 ‚19909 -. 2415 oboe -50.39 10.0800 ЕЕ 
7440 "2021 -.2425 SONNO 7 -50.,19 10.0145 ګر لاي‎ 
ዘዘው MEN 7420 ‚2045 -, 2437 ЗЕТ -50.02 9.9492 «РЕ 
7400 12060 -.2450 ا2ي.‎ ٣ -49,86 9,8845 14۹ 
. 7380 me, cues -.2462 ‚4228. -49.69 9.8204 ال لل‎ 
m Ev 560 Ded ir 74 πόνο -49.55 9,7568 -1350.47 Ti 
73540 10552 -.2486 .5276. -49.37 9.6937 150 3 | 
‚7520 206 -.2498 . 3299 -49.20 9.6312 “ግሪ ከከከ | 
poe / O00 TA ὃ -.2510 . 55293 -49.04 9.5690 -150.96 ШИ 
.7/280 -2 L -.2521 „4347 -48.88 9,5074 οσοι. | 
.7260 ‚2224 -.2533 ې‎ 0 -48.72 9.4465 -151.28 | 
‚7240 2246 -. 2544 „5594 -48.56 9.5856 -1351.44 5 
.7220 70208 -.2556 .5418 -48.40 9,5254 “127001 | 
‚7200 42296 ”.2567 . $441 -48.24 9.2656 “1 5 ን. 
.7180 ህሮ” 19 -.2578 . 345 -48.08 9.20638. -1351.92 C ` 
‚7160 245955 d =, 2909 . 3488 -47.92 9.1474 9152008 
.7140 ‚2561 -. 2600 2 -47.76 9.0890 -152.24 
.7120 ‚2584 -.2611 95055 -47.60 9.0510 1352,406 T 
. 7100 ‚2507 -.2622 22999 -47.44 8.9734 -152.56 
. 7080 ‚2430 -,2632 . S585 -47.29 8.9162 =1 TS 
‚7060 ‚2453 -, 2643 ‚5606 -47.13 8.8595  -1352.87 % 
«7040 ‚2477 -,2658 . 5629 -46.97 8,8051 -133 05 
‚7020 ‚2500 ".266 TER «464682 8.7472 


"134.18 


一 


2752 


一 一 -一 -一 一 一 一 一 一 一 一 一 





. 7000 
‚6980 


‚6940 
‚6920 
«6900 
«6880 
«6860 
_ 6840 
‚6820 
‚6800 


‚6760 
‚6740 


«6720. 


"6700 
6680 
. 6660 
«6640 
«6620 
«6600 
‚6580 
‚6560 
. 6540 
«6520 
. 6500 
1.6480 
‚6460 
‚6440 
‚6420 
‚6400 
«6980 
ре 6560 
. 6340 
. 6320 
«6-00 
«6280 
«6660 
. 6240 
‚6220 
6200 
. 6180 
‚6160 
«6140 
«6120 
‚6100 
‚60809 
«6060 
6040 
6020 


n e ee ee — 


«6960. 


1 «6780 - 


REAL 


‚252$ 
29 4%) 
«2270 
‚2593$ 
‚2617 


_.2640 


‚2664 
2688 


7/117 2ه 


‚2735 
2/59 
“27862 


2.2806. 


2850 
„2854 
‚2878 
‚2902 
‚2926 
‚2950 
2975 
‚2998 
‚3022 
‚35046 
.3071 
EIERE 
.3119 
.3144 
.3168 
.3192 
‚3217 
‚3241 
. 5266 
‚3290 
‚3315 
‚3339 
„3364 
ERT 
3413 
‚3438 
‚3462 
‚3487 
зат 
.3536 
‚3861 
‚3586 
3611 
5636 
‚3661 
‚5685 
‚8710 
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iMAG 


-.2674 
-.2684 
-.2694 
“θα 
-,2714 
2723 
-. 2735 
-.27435 
2752 
በመሪ. 
2771 
$2780 
12789 
‚2798 
“2806 
29815 
“2824 
“2832 
28434 
‚2849 
22857 
2868 
. 287 
261 
200 
‚2897 
-.2904 
‚2912 
‚2919 
οσο 
-.2954 
-,29441 
-. 29486 
-.2954 
=e J On 
-.2968 
-,2974 
-,2981 
-.2987 
-,2994 
-. 3000 
-, 5006 
012 
መ 505 
-.3023 
-.$029 


=, 9035 


- .5040 
-, 5045 
w, e054 


GD 


9608 


«4700 
25725 
9747 
.5770 
2579 
ማዜ 7 
. $840 


. 863. 


. 3887 
. $910 
5953 
. 5926 
. ó 9 Z9 
‚4003 
4026 
«4049 
.4072 
‚4095 
.4118 
‚4142 
‚4165 
141096 


ча 


‚4234 
74227 
.4280 
‚45303 
‚4326 
‚4549 
4371 
‚4394 
‚4417 
‚4440 
. 4463 
‚4486 
‚4509 
„4551 
‚4554 
.4577 
.4600 


‚4622: 


‚4645 
«4668 
«4690 


„4713. 


‚4736 


‚4758. 
‚4781: 


: 4003 


-179- 


PHASE i/GD(DB) THETA 
-46.66 8,6917 4 
=46 756 8. 6369» 3455.90 
246.35 01 ыза Быға 
-46.20 8.5274 “1535.80 
-46.04 8,4754  -153.96 
-45.89 ee D, d ID وود همهم‎ 1 
-45.73 8.3664  Á -154.27 
“42,255 8.5135 2 
-49.43 8.2610__=134,‚57 
-45.28 8.2088 -134,72 
-49» 12 8, 1570» -1939.968 
د 1 1029 .همع‎ 05 
-44.82 8, 24 δω 4ο, 18 
"44. 67 8.00359 لع‎ ος 
=~ 44,92 £29 5 3101 aS с 
-44.37 7.902821 595 
-44.22 7.8550 د 1ک‎ 
-44.07 7.8055 ο 
-435.92 7.7943 56. 8 
-4 δι 7 / 7.7054» at Auge ZA 
=A, 62 ОБОВ АЗЕ "تت‎ 
-45.47 7.600806. 20136095 
- 45: 32 7.9606 “τ. 
-43.18 7.9129, a456. 82 
-43.08 / 4656 “መተ ; 97 
-42.88 7 4185S% 1 57 та 
-42.73 7.539717 መንጋ. 
-42.59 νο A "157741 
-42.44 7.2790 21577806 
42:29 7.2331 لک‎ 7 h 
-42.19 7 ,18 7۹4 EE 
-42.00 7.1420 158500 
41.90 7.0969 55.5 
-43%.71 7.0521. "138.525: 
-41.57 7.0079 “15852 
24) 472 6.9652, 21 5853 
zu. 28 6.9191 19585172 
-41.14 6.8793 -158,86 
-40.99. 6.83168 азоты 
-40.85 6.7885 3259209 
-40.71 6.7455 0909 
-40.56 6.7027  -139.44 
-40.42 6.6601 -139,58 
-40.28 6.6178  -139.72 
-40.13 6.9757 1359. 85 
-39.99 6,535359 =140, 01 
-39.85 6.4925 5 
-39.74 6.4510 -140.29 
309 5 7 6.4098 43 
539.45 


-. - 


618609 +*140,57 


ooo 


———— MJ 


一 一 一 -一 -一 M 


一 一 一 --፦ጨሙ›- ፡ ሩ-“' 


------- ------- — , 


5 
6000 
.5980 


Γι 


‚5940 
‚5920 


IE 50900 


. ህ ጨጨ -: mMM 


— Ir mr 


‚5680 
.5860 
5840 
.5620 
‚5600 
E5780 
257 60 
“2/40 
‚5720 
‚5700 
‚5680 
‚5660 
‚5640 
19020 
.5600 
‚5580 
«2260 
22407 
15520 
‚5500 


_.5480 


‚5460 
‚5440 


______.5420 


‚5400 
‚5580 
‚5560 


‚5540 
‚5520 


m5 500 


- ጨመ 


.5280 
‚5260 


a 


EK 
‚5200 


mum DL BOM 


‚5160 
‚5140 
„2120 
‚5100 
‚5080 


200 


‚5040 
‚2020 


Kei 
ጎላ je 


05 
፡3/60 
5785 
‚5810 
‚38635 
98960 
‚3885 
$959 1.0 


س 


3962 
. 3986 
.4011 
‚4036 
.4061 
‚4086, 
(5112 
OZ 
E 
‚187 
,4213 
.4238 
,4263 
,4288 
4314 
‚4539 
„45864 
‚4390 
‚4415 
‚4440 
‚4466 
‚4491, 
„4517 
‚4542 
‚4567 
‚4593 
‚4618 
„4644 
‚4669 
‚4695 
.4720 
‚4745 
774 
‚4796 
4822 
.4847 
.4873 
‚4898 
‚4924 
‚4949 
‚4978 


IMAG 


-, 9056 
-. 5061 
2 oe 
-. 3071 
-. 3075 
-. 3080 
-. 3084 
25089 
-.3093 
-.5097 
-. 32 
S106 
231 186 
-.5115 
25115 
ота 
59144 
12100 
7317 
ን Lom 
$51 907 
. 3140 
‚51435 
‚5146 
«S149 
volo 
5154 
$9129 
*,5158 
δάδα 
~, 5168 
ο ο ο 
5,5167 
-.3168 
-.5170 
т.5178 
-. 51753 
- 74 
=.5176 
-.3177 
-. 3178 
7,5179 
-. 5180 
-.5181 
ت‎ 
-. 3182 
=, 510. 
-. 5185 
=.5185 
-. 5163 


A -190- 


GD 


PHASE 


ТЕТІ 


- 39.15 
un 29. 0 
ο 86 
529% 272 
250.56 
-38,45 
"όσο ος 
-38.17 
- 38. 0 3 
237/0809 
“75 
7: 61 
-37.47 
2579534 
=57.20 
-97.06 
"ο, να 
- 56 . 9 
νο ο 
35. 
=36.56 
-36.24 
τόθ 1 
= Зоб 
"ορθά 
20909659 
- 50,99 
-33.42 
دد تچ‎ 
- 55.15 
2:55.02 
~ 34.86 
- 54.79 
- 39.01 
-54.48 
- 34.55 
-54.21 
-34.08 
-35.94 
33:7 
Bog D 
ου, 
-33.41 
οσο 
-53.14 
25.0 
-32.88 
-32.75 
"52.64 


68٩1٣61) )01:609 102020933206 پوه‎ ыы D 


1/GD(DB) THETA 
6.5288 = 140.77 
6.2878 -140.85 
--6.2476 241211 
6.2076 ۹4 
6.1678 “σαι - 
—6.1282. 141999 
6.0889 -141%599 
6.0497 -141.69 
-6 , 0108114 
5.9720 141 3 
5.9335 “14266 
5.8952 “ጎሳ2ፓ6ይ ሰበ E 
2,8571 19 
5.8192 142.55 
5.7814 «142.66. 
5.7439 -142.80 
5.7066 ου, 
5.6695. .-14%5 053 
5.6325 «144.61 
5.5958 -14 ال‎ 
 =ጋ14229 اک‎ ከከ! 
5.5228 ተብ... 
9.4867 sAd 
5.4950 221439. 0 
5,4148 ۹45 
5.3792 --.... 
2.5457. 2! 
5.5080 4 
2.0735 τσ. .›) 
9.2384 143 a 
5.2057 <S 
5.1691 -1648 06 
5.1347 149,12 Ы 
5.100% —1 ШЫ 
5.0665 -1927 
2,0324 —_ -140m 
4.9987 -145.65 
4.9651 -145.79 
4,9317 στις 
4.8984  -146.06 
4.8653 -146.19 
4.8324 «146,3: ٢ 
4.7996 -146.46 
4.7670 -146.59 
4.7345 -146.72 
4.7022 “138. 5 
4.6701 -146.99 
4.6581. 2147750 
4.6062" =1475 
4.8749 -147.39 


= 一 一 一 一- 一 - -an- 









— — መፍ 


FRICTION CONTROLLED BACKLASH 


IMAG 


-. 3185 
-.5185 
-. 3183 
-.5185 
-.$182 
-.9182 
"mid T 
-.$181 
«5180 
~ 3179 
#5178 
ӘЛЕУ ἡ 
25176 
. 5174 
„5175 
5172 
-.5170 
998 
25057 
065 
2516709 
29461 
“128 
23156 
(3515 
кошот 
25149 
. 5146 
-. $149 
-. 3140 
ο ο 
S134 
43131 
ΞΕ 
. 0124 
-.$121 
i117 
-. 511 3 
e, 2410 
-.3106 
ee 
-.509/ 
-.$093 
-.$089 
-. 5084 
-. 3080 
-.3075 
-.5071 
-.3066 
=, 30653 


1 


ات 


NO OT 
.5949 
.5970 
.5992 
„601.5 
‚6054 
‚6056 
-6077 
. 6098 
.6120 
„61948 
6162, 
6185 
.6204. 
„622% 
‚6247 
‚6268: 
. 6289 
„б ER 
65-7 
-6372 
ον. 
6594 
615 
‚6456 
. 6457 
«9478 
.6498 
-6519 
«6540 
0564 
. 62 
. 6602 
266235 
. 6644 
. 6664 
. 6685 
26705 
.6726 
.6746 
06767 
. 6787 
‚6808 
‚6828 
. 6849 
«6869 
.6889 
. 6910 
6950 


-181- 


PHASE 


-32,68 
А), 
5 ን ረ 
"πε 09 
“51.95 
751. 92 
aE, 69 
251 6 
-31.43 
“5120 
54.17 
το ο 
-50.90 
«ἢ m 
"ου ὃς 
БӨЗ? 
2905 58 
-50.25 


-27.41 
-27.28 


аел 


-26.64 
- 26.51 
-26 , 38 
-26.26 
226413 


一 一 一 ———E———————— 


—— 


ሙጫ ` 


——— 


— ው 


1/GD(DB) THETA 
4.5450 2 
4.5116 65 
4,4803 απο AD 
4.4492 -147.91 
4.4182 55 
643874 964 401 06. 
4.5567 5141 
4.5262 ۹4 
—.:4.2958  -148,57. 
4.2655  -148.70 
4.2354 -148.83 
4.2054 -148,97 ` 
4.1756. 149.10 
4.1459 -149.23 
431165 =149,46 ات‎ 
4.0869 -149.49 
4.0576 2 
4,0284 -149.75 
5.9995 2-149.88 
3.9704 150.01 
5.9417 መጠበ ም 
5.9450 “Аб 2 
5.8845 -150.40 
2.6563 150.5 
5.8276 “hol oc 
5.7997 100797 
ὁ 1. رو او اس‎ - 
5.7438 61. 05 
5.7160 7 251791015 
$,6884 7451. 50 
5.6609 551.55 
5.6559 ооб 
-3.6062 -151.69 
5.9790 5777685 
5.2920 51. 
3.5251 -152.08 
3.4983 152.21 
5.49716 2152,95 
3.4450 -152,46 _ 
5.4185 “152,529 
5.5.920 772 
5.5660 ы152. 8 - 
5.5599 2-152.98 
3.5139 “195211 
2,2880 9155025  . 
242622 ποσο ο 
3.23566 9 
3.2110. -153.62 
2.1856 1546.74 
5.1605 137 


一 一 一 一 一 一 一 一 一 一 一 一 一 -一 一 一 





a وي‎ — - - 


一 一 一 -一 一 nF. — n - 


—— 


R REAL 
.4000 662 
«6980 . 6290 
. 5960 n5 $19 
«3940 . 6339 
‚5920 «6464 

τι ιυ “0. 6389 
. $880 «64414 
. $860 .6439 
«9840 «6464 
. $820 .6488 
‚5800 26213 
. $780 በን 
. 3760 . 6562 
‚3740 . 658/7 
720 E5912 
‚5700 26649 
«$680 206061 
осе 666979 
. $640 «6710 
. 5620 .6734 
25600] AS 
» 5580 5753 
. 560 76809 
«$540. 6852 
~ 3920 οσους 
$200 . 6884 
‚5480 6905 
. 5460 16929 
‚5440 ‚69554 
‚5420 56978 
. $400 7002 
«S560 7026 
» 5560 7950 
540 ‚7074 
‚53520 ‚7098 

7122 
. 35280 (7149 
‚5260 97179 
3240 ም፡ ዓን 
‚5220 22105 
. $200 «7241 
‚5180 252 
. 160 57 
‚5140 του 
. 5120 27550 
‚5100 ‚7560 
‚5080 . 843 
‚5060 ‚7407 
. 5040 ‚7430 
‚50209 P403 


‚5500 


FRICTION 
IMAG 


- 3056 
-, 5051 
-.3045 
-.3040 
-.3055 
9ه‎ 
„5023 
“50186 
89010 
‚5006 
‚5000 
‚2994 
2957 
2981 
.2974 
. 2968 
22961 
- 2954 
‚2948 
= 4 
„2958 
‚2926 
-. 2919 
22912 
‚2904 
‚2897 
.2889 
42991 
12873 
г 22869 
07 
.2849 
«2841 
. 26852 
‚2824 
720195 
.2806 
-.2798 
-.2789 
E AB 
=. 27/1 
= 12761 
- 72754 
اه‎ 743 
a 273 
و‎ 2723 
-.2714 
-. 2704 


τν 2694 
= ©2004 


-192- 


CONTROLLED BACKLASH 


=39169 


—— - م — 


-— - 


-一 一 -一 一 


GD PHASE 1/GD(DB) THETA 
. 6970 -26.00 í.1351 —+54 Dh 
. 6990 πο ο 5.1099 الا ل2‎ 
27 0 108 -25,75__ .$.0849  *454,25 wm 
. 7051 -25.62 5.0601: -154.38 
"7051 -2949 3.0353 “δα”. 
7071. -25.37 5.0106 —-154 5 = 
.70 71 -25% 24 2.9860 -154.76 
5110 -2508 11 2.9616 15% 785 
257154 -24,98 2,9372 — 1595... 
2/1421 -24.86 2.9129 -155 ٢ 
7171 -24.7% 2,0888 - Бб R 
a toe -24.60 2. 8647 ===155 10 
7210 -24,48 2.8408 -156i 
ρου -24.35 2.8169 -199 0 
„7250 04қ22 2, /952.ፌ”።329 005 
720 224711 2.7696 7159770 
.7290 - 2207 2.7460 «156.15 
275109 -23.84 2.7226 —2156 1E 
77 329 =25.72 2,6992 “152/6225 
. 7349 -25.59 2.6760 45171 
2568 -25.46 2.6529 "7154607 8 
27 508 - 25.4 2.6298 “156 ይ 
.7407 005.01 2.6069" MCS 
.7427 -2$.08 2.5840 «156. 
.7446 -22.96 2.5613 الا‎ 
~ 7466 οσο ὃ- 2.5387 “157. η 
‚7485 22,71 2.516110 7 
7504 2258 2,4936 2 
.7524 - 22.45 2.4713 5 
07 548 -202.32. 2.4490.-2797 ee 
22562 22120 2.4269 197 ال‎ 
57202 pecu 2.4048 >127,93 
790 E 2.36828190 5 
.7620 221792 2.5609 -158 80 
«76499 219 2.5591 -198 ٢ 
7698 Ἄ 2.3174 15ο... 
“677 -21.44 2.0958 "T5858 .. 
2755 -2 1-572 2.2745 -1502C 
27 7 15 -21.19 2.2029 -158 nE 
. 7754. -21.06 2.0516 ። "ሮም ስ 
ο του -20.94 2.21035 ` e Lë 
772 220 1 2.1892. 129988 
.7810 -20.56 2.1472 -159.44 
.7829 -20.43 2.1265. 715925 ٢ 
‚7847 -20.51 2.1055  -159 089 
, 7006 -20.18 2.0849 -159.82 
07085 -20.06 2,0643 4 
‚7903 -19.93 2.0437 -160.07 
17920 8.0058 160,29 





= —rwF —— 


R 


$000 
‚2980 


‚2940 
‚2920 
‚2900 
„2880 
‚2860 
‚2840 
.2820 
«2800 


2760 
2740 
2720 
2700 
2680 
„2660 
.2540 
.2520 
.2600 
.2580 
.2560 
.2540 
.2520 
.2500 
.2480 
.2460 
2440 
‚2420 
.2400 
.2380 
.2360 
.2340 
2520 
2300 
.2280 
.2260 
Kg 
22720 
.2200 
.2180 
212 160 
.2140 
.2120 
.2100 
. 2080 
2060 


2.2040 
. 2020 


-——— —M —Á 一 


229 60a 


no) й 


REAL 


‚7477 
750 0 
257525 
‚7547 
7370 
.7595 
17:516 
„7659 
_.7662 
‚7685 
‚7708 
791. 
‚7755 
το 
7799 
7822 
~ 7844 
78067 
79889 
7912 
‚7934 
(49050 
272279 
‚8001 
‚86024 
8045 
8067 
‚6089 
.81 
(952 
.8156 
. 68175 
. 8198 
6219 
. 24 L 
‚8262 
‚0284 
.8305 
‚85426 
.8348 
.8569 
‚8590 
‚8411 
‚8452 
‚845$ 
‚85475 
‚85954 
, 6242 
‚8535 
40220 


FRICTION CONTROLLED BACKLASH 


IMAG 


ες 
-.2664 
-.26535 
-.2645 
= 263 
-.0622 
=, 2 Om 1. 
-.2600 
-. 2588 
-. 2578 
7.20267 
με 92218 
-. 2544 
=, 2252 
2201 
2210 
-.0498 
-.2486 
-.2474 
-.0462 
-.2450 
-.2437 
-.2425 
-.2415 
-.2400 
-. 2387 
-. 2375 
>=, ሮህ 1٩٥ 
-.2549 
56 
=. 292e 
-= . 2509 
-.2296 
- 229 
-.2269 
= ሺ ሮሮ 
- 2241 
-.2227 
=s Lels 
ናሮ. 
-.2185 
-. 2171 
= 2189 
-.2142 
„2100 
= QT 
-.2097 
-.2083 


2068.- 
ع8 مه 


‚7941. 


GD 


. 7978 
. 7996 


.8014 


8093 
299029 
.8069 
.8088 
.8106 
.8124 
- 8142 
.8160 
.8178 
«8196 


«8214 


. 8252 
‚6250 
8266 


. 8286 


.8504 
85 η 
Cum 

. 8357 
.8374 
‚8592 
‚8409 
‚8427 


‚8444. 


‚8461 
‚8479 
θα ο 
бз 
. 8530 
‚8548 
ο 
. 8582 
. 8599 


8616 


8652 


Ф 


8649 


«8666 
‚868$ 
6700 
-8716 


8782: 


8733 
8749 
8766 


8799 


1 0 


PHASE 


-19.68 
-19,99 
-19.43 
-19.30 
-19 007 
-19.05 
-18.92 
"18 60 
-138 267 
-18.54 
-18.42 
“18,29 
θυ 
-18.04 
=ኀ/ 521. 
-17477 
ОЕ 
کا لچ‎ 
ОМГ 
“1/7 20 
-17 215 
-17 205 
"τοι 
-162 5 
-16.695 
“168.53 
-16.40 
"1ο. 5 
"46. 5 
15.1; 
- Oo) 
“15.77 
"το ٤ 
= 了 7 
“15,39 
2154.00 
=1 3 1% 
“15.03 
-14.89 
-14.76 
1435 
214 08 
-14, $8 
-14.25 
-14.12 
-14.00 
-15.87 
-15.74 


-15.62 
215,49 


= 一 一 -一 一 一 一 “一 -一 — 


1/GD(CDB) 


2.0030 
1.9828 


21.9626 


1.9425 
1.9226 
1.9024 
1.8829 
1.8631 
1.8435 
1.8240 
1.8045 
. 1.7852 
1.7659 
1.7467 
1.7276 
1.7085 
1.6896 
1.6707 
1.6320 
1.6335 
1.6147 
1.2778 
14,25 5199 
1.2412 
132 0 
1.5049 
1.4869 
1.4690 
1፡6 ἡ 
444324 
1.4157 
1.35981 
1.3606 
1.5632 
1.5458 
1.3286 
1.3114 
1.2943 
127789 
1.2604 
1.2435 
1.2268 
1:2 1 
1.7958 
1.1770 
1.1606 
1.1442 


1.1280 
4.1116 


THETA 
-160.32 4 
-160.45 
-160.57 
-160.70 


. "160.83 


“160-95 
“16100 
OA )د‎ 
-161.95 
σι ος 
=161.556 
161.715. 
161.835 
“1647.96 





١- ШЧ‏ هم 


“162 2) 
-162.34 
"262,46 
~162.59 
ου 
“166.84 
162997 
“165.09 
SLO Sine 
"163. 55 
«165.47 
“165.60 
“163.72 
-169793 
-163.98 
"164.10 
“1664. 29 
-164.36 
“166.48 
16041562 
“164.74 
-164.86 
-164.99 
16971 
"162.24 
165767 
165,4 E 
“165.62 
“165.75 
“162,885 
7166.00 
21668 19 
“166.26 


-166,.438 
2166.84 


መጭ» ወመጩ 一 


.1140 


.1120 


.1100 
.1080 
‚1060 
«1040 
‚1020 


REAL 


8970 
,8597 
E 
.8637 
„8657 


_.6677 


.898 6 


,8697 
.8717 
288757 
656 
‚8776 
8799 
2551 
18825 
.8854 
‚8875 
8692 


BTE 一 


. 86930 
‚6949 
8967 


‚90084 


4.9025 


‚9041 
‚9059 
. 2079 
.9096 
ΟΠ 
ιτ 
‚9149 
09167 
9184 
noce 
92 EF 
„9256 
,9 299 
e Së 
por 5 
93504 
4920 
9537 
9558 
9559 
9262 
‚9501 
«ΟΦ 
09438 


«9449 
‚9484 


FRICTION. CONTROLLED BACKLASH 


IMAG 


-.2057 
ΕΞ 
-.2006 
-L991 
-.1975 
1960 
‚1944 
‚1928 
‚1912 
‚1896 
5፡10. 
ው 1865 
‚1846 
‚1640 
181 
-.1797 
‚1780 
‚1 764 
‚1746 
-.1728 
-, 1711 
-.1694 
-.1676 
27.1659 
- 1661 
(2523 
. 1606 
„1568 
1963 
22291 
211239 
e 
‚1496 
‚1478 
τ» 
«1440 
‚1521 
‚1402 
“41363 
‚1564 
‚1545 
(1029 
005505 
.1286 
212606 
.1246 
122и 
«1207 


1 ΡῸ 
πο 41166 


% 5 1 1 


* 5 1 15 


- ل1 


GD 


«08195 
‚8851 
.8847 
. 6863 
‚8880 
5896 
‚868912 
6928 
‚8943 
8959 
‚8975 


ο... 


. 9006 
290292 
290 37 
29023 
. 9066 
9083 
220925 
. 9114 
59149 
«9444 
.9159 
.9174 
.9189 
9204 
22215 
,9253 
29248 
49268 
9277 
-9221 
„9505 
9319 
WEE 
9348 
29206 
„2576 
„9589 
‚9403 
‚9417 
‚9450 
‚0444 
‚94527 
„9471 
‚9484 
‚9497 
99109 


9523 
‚9540 


Ф 





- --е------ ee س س مم مت‎ ee H 


کک ی 








PHASES IZOD ODE THETA 
“154,56. 1.0957 48 
-13.24 1.0797 “166... 

GL A 11 1.06358. — 4650015 
“12.98 1.0479 — 1857102 
-12.83 1.0322 -16) 
212.7 s 1.0165_— 162 2... --- 
=12. 60 1.0009 -167.40 

=12 047 ‚9854 T0900 
-12.54 «ου 20. 后 

= 12 421 ‚0546 -167.79 
129 9394 7167.91 
-11.96 _.19242_ 1608,04 XM 
11,8 ت5‎ «9091 “συ 3 
-11.70 ,8941 -168.30 x 
-11.57 ,8792 -168.43 . ወ 
7116045 .8644 7168.55 f 
- 11.35. 8496 -166%68 
pil.T9 , 852 0፡”166. ME 
11.06 «86204 -168.94 
-10.93 48059 “169.07 | 
-10.00.  .—.7915.- ШОР i 
10:66 ‚7772 mal 

ο ο. «7669 180045 | 
-10.42 .7488 2169056666 
-10.29 ,7347 “5769 75 | 
210226 7208 4 

21.0 4005 . 7069 7-169 097 M 
2-210 6931 ΠΡ 

-9.77 ‚6794 703 

29 d 6658 -170,56 8 

τωι «6228 -170.49 

-Φ. 58 6588 “17058 

-9,25 6255 717) πμ 

"9,12 6122 “ИЕ 

-8.99 «2990 =I - 

-8.86 .5860 -171.14 | 

-8.75 ΣΕ, --:. :΄ 

-8.60 45601 -171.40 

-8.47 .5475 21717256 | 

-84 9546 17/1998 

- 8. 22 2420 ITEM 

-8.08 ‚5095 171.972: 

=/ 92 ‚4971 πι... 

“7182 4847 πα... 

πο. ,4725_ -172.32 SE 

| 7172.45 4609 دو ره 

-7 «2 4484 -172.58 J 

-7.29 4564 172.71 

-7.16 „4246 -172.84 x 

=# 02 4429 5172.98 





R 


.1000 
«0980 
0960 
‚0940 
‚0920 
. 0900 
‚0880 
‚0860 
‚0840 
‚0820 
‚0800 


30780. 


0760 
.0740 
220720 
0700 
0660 
.0660 
.0640 
„0620 
. 0600 
. 0580 
. 0560 
.0540 
.0520 
„0500 
„0480 
. 0460 
. 0440 
,0420 
0400 
. 0380 
. 0360 
. 0340 
0520 
,0300 
0280 
. 0260 
. 0240 
.0220 


0200 
0180 
0160 
‚0140 
aU io 
0100 
. 0080 
. 0060 
. 0040 
. 0020 


REAN 


. 9480 
. 9495 
. 9510 
.9525 
‚9540 
WEEK 
. 9569 
29589 
9997 
90611 
‚9625 
,9639 


7 19653 


,9066 


9679 — 


‚9692 
‚9705 
.9718 
9730 
«9745 
9755 
‚9767 
‚0779 
„9790 
.9802 
.9813 
.9824 
„9839 
„9845 
.9856 
„9866 
„9876 
„9885 
„9895 
„9904 
‚9913 
9921 
‚9929 
„9937 
9945 
‚0952 
‚9959 
„9966 
„9972 
„9978 
, 53 
.9988 
.9992 
9996 
9998 


FRICTION CONTROLLED BACKLASH 


=m 
መ 
е 
= 


፤ 1 1 


$8 1 1 1 ፤ d 


IMAG 


„1146 
“125 
.1105 
.1084 
«1064 


«10456 


‚1022 


.1001 


.0980 
.0958 
. 0937 
‚0916 
. 0894 
‚08702 
40829 
, 7 


-. 0785 


20755 
. 0740 
. 0718 
. 0696 
«0679 
. 0650 
0620 
. 0605 
„0582 
SU 
. 05355 
ОЭ 
. 0489 
‚0465 
. 0442 
. 0418 
2. 
59972 


-.0547 
-0322 


,0298 
Оет 
. 0250 
.022 
‚0200 
015 
20121 
‚0126 
‚06101 
„0076 
0051 
‚0025 


GD 


‚9549. 


95,61 
.9574 
.9586 
.9599 
ΟΤΙ 
“OCS 
«9665 
‚9647 
72629 
ΡΟ 
.9682 


.9694 


ου: 
2971 
.9728 
9739 
.9750 
.9760 
.9771 
ΘΟ 
ος 
9602 
982 
WEEK 
29952 
.9841 
29821 
.9860 
. 9859 
15878 
254177 
9505 
. 9903 
MLZ 
.9919 
.9927 
.9955 
9942 
WEEK 
2929 
‚9962 
9968 
‚9974 
‚9979 
‚9984 
‚9988 
‚9992 
‚9996 
‚9999 
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PHASE 


“6. 89 
2576 
νου 
“6.49 
“6,36 
“6.23 
"6,10 
ጆን 0 
DO 
=2,69 
ን. 


-5,43 


omes 
"Od 
“ው 02 
“4,89 
-4,75 
-4. 62 
“4,455 
42,52 
FE. 
-4.07 
“3494 
,و‎ ٢ 
-5.66 
"5.99 
“3.359 
-5.25 
-3.11 
ሙረ ርን 
-2,84 
270 
-2.56 
-2,42 
- 2,28 
"2.44 
-2.00 
-1.86 
“1,72 
-1.58 
-1.44 
1465 
1.15 
“1.01 
2,87 
-, 
- 50 
7.44 
-.29 
- ቲጋ 


-174.71 ` 


7217/7244 I 


-178.28 


1/GD(DB) THETA 
4012 Παπ 
‚5897 “175,24 
9799 Μα ο. η 
EECH i SOT 
35558 175,64 
44447. 7173577 79545 
72557 “175.90 
5228 “174.04 
901207 7 
29019 7174451 
2908 04۹4 

ык دل ن‎ 1 289057 
‚2701 
29599 -174.84 
,2498 -174.98 - 
23598. mi ؟‎ 1 
‚250 دد سه سه‎ 
2208 RECON OS 
ӨТ)” 175.55 
201525. νετ 
,1920 9 
,1820 " در و17‎ 
1757 16, 
16458 2171 
1561 -176.34 
4474 7 
OU TICE 
SD Z “176470 
722052 “176.00 
31149 2 
10067 177.16 
‚0990 -177.30 
‚0915 
0840 177.58 
Q0Z7T ٢ 
ООВ 
,.0659 4106811 
2 ШӘ 0) =e) Olea 

د اع I‏ 
2 0446« 
7178058 .05580 

220335 -178.71 
40280— "1728987 
0250 -178.99 
,0184.-7-179 0] m 
,0140 8 
‚0101 “179. 42 
0066 -17%,56 
0036 37 
0013 “179.85 


— A 


APPENDIX XII 


Inertia Controlled Backlash 


Brearley developed the describing function for the 
backlash case where the inertia of the output member was much 
greater than the input member, and where friction could be 
ignored, Inertia controlled backlash is common in antenna 
systems, gun mounts, missile launchers, etc, 

Figure AII-1 shows the physical model for inertia 
controlled backlash, Figure XII-2 gives a graphical repre- 
sentation of the displacement of the input and output members, 


The variable R is defined as: 


Where B = width of backlash 


d 


E 


Inon fom» L 
TT 


Re(GD) = Хх => | (2 -sin 61) cos 9; ተ(29, ተ" -5 ) 838 63 


y -ef 
5 1 


Y - 5 [ (20,+ TT - 2) cos 6, -2 sin 04 -3 t sine; | 


Im (GD) 


where 


5 = 1-2 + соз 94 


V/ x* ^ y? چو سه‎ E 


Brearley showed that the system will become unstable 


GD 


for R 4 ,2605, For this galue, 9, 7 122. . 7٢ و‎ O 


-186- 


amplitude of input sine wave 


< В 
22.19 


H yj- 


<.2685 (corresponding to e. 


9) the describing function is: 


GD = Ц зіп Ө -9 
E 1 1 


between 90° and 


21809 


Ж 0 


"n Mem t 


output - ^ 
νι S 


πα n ው ከባ τα 





Physical model for inertia controlled backlash 
Figure ХІІ-1 





input and output displacements for 
inertia controlled backlash 


Figure XII-2 
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INERTIA CONTROLLED BACKLASH 
REAL AND. IMAGINARY COMPONENTS 


Figure XII-3 
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-180 -150 -120 -90 -60 





INERTIA CONTROLLED BACKLASH 
__MAGNITUDE(OB) US PHASE 


Figure XII- 





Expanded Scale 


Figure XII-5 
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REAL 


p.276 


di 5705 


5658.- 
5568. - 
5495. - 
5419.- 
2412د 
1.2259 
99179 
2087 - 
499 - 
4995.- 
4810.- 
4712,- 
4611.- 
59009 
4405.- 
4296.- 
9186 .= 
4074.- 


2-.3959 


3 
5.5724 
4 
- .3482 
ENKKLY, 
-, 3231 
E3103 
2.2974 
| 2.29843 
22741 
-.2576 
-.2441 
-.2304 
-.2166 
-.2027 
2.1882 
-.1746 
-.1603 
-.1460 
-.1317 
zu 4 
-.1027 
-.0881 
-.0735 
-.0589 
- 072 


O29 
-.0і4? 


ой woo DOO ٢ 


[INERTIA CONTROLLED 


IMAG 


- .9059 

-.9191 

-.9523 
=,9452 

0 

-.9707 

-.9851 

9954.- 
1.0075- 
1.02193- 
1.09210- 
1.0425- 
21.0257 
1.00647- 
2410795 
006 .1 
1.0964- 
1.1065- 
41.1165 
1.1258- 
ل7 2,1 
1.1442- 
1.1529- 
1.1614- 
1.1696- 
91.1799 
1.1851- 
1.1925- 
1.1995- 
1.2002" 
1.2127- 
1.2188- 
1.2246- 
1.2501- 
1.2353- 
1.2401- 
1.2446- 
1.2488- 
1.2227 
1.2563- 
1.2595 


"1.2684 


-1.2649 
-1.2671 
-1.2690 
-1.2705 
SUED 
-1.2726 
-1.2731 


Ed. 2/52 


X X X x I> RRP RRR PRB RRP ез рк рл ра ра рл ра ра ра ра ра рк ыл ра рэ ра р ра рк ра ра ра ра ра ра ра‏ = کم خم شم عم همهم هم 


BACKLASH 


PHASE 


122.49 
121.85 
1121.9 
120.210 
119.84 
"P 
1348.21 
117.85 
117.19 
116.52 
115.86 
-112.20 
1 دک وا4‎ 
τισ, ο) 
140521 
= Pare ወ. 
111.88 
E 4 2 
2510952 


“109.69, 


109.25 
-108.37 
107.90 
-107.24 
106.58 
"1095.97 
2009 وه‎ 
-104.59 
-103.92 
-103.26 
-102.60 
-101.94 
-101.27 
-100.61 
-99.95 
-99.28 
ا و‎ ΟΣ 
797.96 
-97.29 
του ο 
295.97, 
“45.50 
“94.64 
“05.08 
“935,252 
-92.65 
-91.99 
-91.33 
“020.66 
-90.00 


1/GD(D8) 


"οἱ اا‎ 
= 6 8 2 s=, 


-. 7445 
-.8045 


-.8629 | 


=. 91906 


-1.0290 e 


-1.0814 
zi ‚152$ 


"acl 5 1 


-1.2297 
-1.2765 
=1 ሪጋ. 


-1.365% 


-1.4077 
-1.4487 
-1.4884 
"1.0209 


-i1.565 2. 


-1.2996 
-1.6340 
-1.6671 
-1.6989 
-1.72995 
-1.7588 
-1.7868 
-1.8156 
-1.85 9 
71.8659 
-1.8803 
24297058 
-1.9220 
-1.9484 


-1.9666 


-1.9837 
-1.9995 
-2.0142 


-2.0276 


-2.0399 
-2.0510 
-2,0609 
-2.0696 
-2.0772 
-2.0836 
-2.0889 
-2,0929 
-2.0959 
«2,0976 
-2.0982 


-LAETA 


πη 
“98.17 
-58.84 
-59.50 
50 с 


“60,863 
“61.49 
-62.15 
-62 75m 
-63.48 
-64.14 
-64.80 
“62,5/ 


2607 19 
-66.79 


-67.46 
-68 Tia 
-68 076 
دد ام-‎ 
η... 
70. 
-71.43 
-72.10 
-72.76 
-73.42 
-74.09 
-74.75 
-79.41 
71265 اا‎ 
-76.74 
-77.40 
-78.06 
8.7. 
-79 و‎ 
-80 208 
"δρ τα 
61798 
282.04 
-82 
“85.37 
-84.03 
-84.70 
“በጋን 
“66.02 
-86.68 
-87.35 
-88.01 
-898%67 
-89,34 
-90.00 


سا ا — 


一 一 一 一 - -一 一 一 一 一 


-一 -一 一 一 -一 一 一 一 





eee eee REA IMAG 
. 3200 .0106 21.27.39 
32500 2E. 0412 -1.2726 
25450 20708 -1.2713 

85 551) .0996 -1.2695 

ЕЕ G 40 D 1274 -1.2668 
‚ 5450 ‚1544 -1.2638 
25500 .1805 -1.2604 
ρου... 20591 2568 
. 5600 231% -1.2522 
556500 .2541 -1.2476 

1 کو‎ 0 ሪፖ. ዊሽ ጠቐ ከ1. ሪች ሪ. 
ο οὐ ‚2995 -1.2574 

. $800 E3019 5122220 
ОВОО E 
‚5900 ‚5625 -1.2203 

. 3950 252825 -1.2143 
1٩۹١٥ c4019 791. 2087) 
‚4050 ‚4200 -1.2016 

. 4100 ~ 4380 -1.1951 
ШО > ae eee. 4555 me -1 «1884 
4200 μά! -1.1817 
‚2250 . 4890 -1.1/49 
БЕРЕ, 505 ма 1.1050 
4990 25205 ο τσι 
.4400 192356 -1.1541 

EU 4250 NN. 0502 29 7-1.14710) 
.4500 ‚5645 -1.1599 
4550 45708 -1.15328 
P6600 94985,5012 ፦1,1ረ2,/ 
‚46550 6048 -1.1186 
.2700 6175 1.1114 
21/08. 6298 -1.1043 

. 4800 6418 -1.0972 
‚4850 2765.58 -1.0900 
«4900 .6649 -1.0829 

. 4950 6759 al. 0755 
«2000 6866 -1.0688 
sonei —.6973 -1.0617 
52100 7079 -1.0547 
15150 7172 -1.0477 
po200 2 7268 -1.0408 
25250 7362 -1.0338 
Poo 00 7454 -1.0270 
noD 7543 -1.0201 
‚5400 7630 -1.0133 
‚5450 . 7714 «1.0066 
EST 5 7796 -.9999 
‚5550 . 7876 -.9932 
2500 7954 “= 9566 

9801.- 5051 داز ری 


БУ Ба р на Б р Бн Бл Б Б Е Б Б Е Б р р р р в р ы н н н ы р ы р ра н Б рз ра БА εἰ 
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GD 


2732 
2732 
2732 
2252 
.2732 
2732 
2740 
2738 
2/52 
E0733 
10732 
227m 
2731 
‚2731 
‚275 
ολοι 
ο. 
‚2729 
2726 
2728 
27% 
.2726 
.2725 
2724 
„272 
222. 
2720 
2719 
2717 
2716 
,2714 
27{% 
2711 
2709 
<2 707 
‚2705 
2703 
.2701 
‚2699 
2697 
‚2694 
‚2692 
. 2689 
.2687 
.2684 
.2682 
.2679 
.2676 
2878 
‚2671 


PHASE 1/60(ΡΒ) THETA 1 
-89.52 -2.0982 -90.48 

-88.15 | -2.0982.  -91.85.  ( 
-86.81 -2.0982 -93.19 
-85.52 -2.0982 -94.48 

-84.26 | -2.0982 -95,74.. - 
-83.04 -2,0981 -96.96 ۱ 
-81.85 -2.0981 -98.15 | 
-60.70 | -2.0981  -99.30 1 
-79.58 -2.0980 -100.42 | 
-78.49 -2.0979 -101.51 | 
-77,43  -2.0978 -102,57 1 
-76.39 -2.0976 -103.61 | 
-75.39 -2.0974 -104.61 | 
“74.42. -2,0972... =105..50600 
-73.46 -2.0969 -106.54 

-72.52 -2.0966 -107.48 

-71.62 | -2.0962  -108.358  — 5 
-70.73 -2.0958 -109.27 

-69.87 -2.0954 -110.13 ἡ 
-69.03 -2.0949- -140,97. - ፪፻ 
-68.21 -2.0943 -111.79 | 
-67.40 -2.0937 -112.60 

-66.62 -2.0931- -113.58- 58 
-65.85 -2,0924, -114.15 

-65.10 -2.0916 -114.90 

-64.37 -2.0908 -335,686፡ ٢ 
-63.66 -2.0899 -116.34 

-62.96 -2.0890 -117.04 

-62.27  .-2.0880 — -117 9] B 
-61.60 -2.0870 -118.40 

-60.94 -2.0859 -119.06 

-60.30 -2.0848 -119.70 _ 
-59.67 -2.0836 -120.33 

-59.06 -2.0823 -120.94 

-58.45  -2.0810  -121.55. — 2 
-57.86 -2.0797 -122.14 

-57.28 -2.0783 -122.72 

-56.71 -2.0768 -123.29 

-56.15 -2.0753 -123.85 

-55.61 -2.0738 -124.39 | 
-55.07 -2.0722 -124.93 

-54.54 -2.0705 -125.46 

-54.03 -2,0689 -125.97 

-53.52 -2.0671 _-126.48 — H 
-53.02 -2.0654 8 | 
-52.54 -2.0636 -127.46 

-52.06 -2.0617 -127.94 = 
-51.59 -2.0598 -128.41 

"51.18 “2.0579 “126.88 

-50.67 -2.0559 -129.33 1 





1 PHI REAL | 
#57-00 ፡0402 
. 70 „8177 
58040 . 8248 
"5650 "8551 / 
Е 52000 «8584 
50 , 8450 
26000 .8514 
6450 .8576 
‚6100 . 8637 
56150 .8696 
200 «87524 
woes 0 .0811 
25500 . 8866 
11 0 ‚8920 
.0400 9979 
.6450 ‚9025 
. 6500 .9075 
#6550 . 9124 
«6600 .9172 
ЕЕ 7.6650 _ |+ 9219 
.6700 ‚9265 
‚6750 29509 
E — .6800 9353 
850 29595 
«6900 9437 
E .6950 .9478 
47000 19518 
050 ЭЭБИ 
E .7100 „9595 
7150 . 9632 
27200 .9669 
.7250 .9704 
7500 9739 
ንን 0 .9775 
7400 .9807 
. 7450 . 9859 
. 7500 . 9871 
7550 9905 
27600 9933 
F650 . 996 3 
8. .7700 .9992 
R77 91 0001 
‚7800 1.0049 
! 195 0-007 
7900 150403 
‚7950 101 30 
| «6000 1.0155 
.8500 O05 
°. 9000 1.0572 
.9500 1.0725 


INERTIA CONTROLLED 


IMAG 


- 5 
-.9671 
-.9606 
-.9543 
-.9480 
-.9417 
- .9$55 
-.9293 
-.9252 
- MONS 1 
“39111 
-.9052 
-.8993 
-.8954 
- . 88976 
-.8819 
-.6762 
-.8705 
-.8650 
-.8294 
-.8259 
-.8485 
>= 60535 
- 78 
-.8425 
=,6273 
-.8221 
- 0170 
-.8119 
-.8068 
-.8018 
-.7969 
-.7920 
-.7871 
- . 7823 
- 7959 6 
-.7728 
-.7682 
=, 7632 
-.7589 
-.7544 
-, 7499 
2,7454 
-.7410 
-.7567 
-.7$23 
-.7280 
-.6873 
-.6501 
-.6162 


* ቶይ ቶሓኃ ዮ።ሖ pP|pH p a i> 5» شا‎ rÓ|E Bip E خا شا ھم ععم مخ( هم شم‎ hh 


GD 


BACKLASH 


PHASE 


-50.22 


-49,78 
-49.35 
-48.93 
-48.51 
-48.10 
-47.69 
-47.30 
-46.91 
-46.52 
-46.14 
-45.77 
-45.41 
-45.04 
-44.69 
-44.34 


-45.99. 


-45.66 
“43.352 
“42.99 
“42/07 
“42.355 
2623 
-41.72 
-41.42 
-41.12 
-40.82 
-40.53 
-40.24 
“29995 
= 39% 6 7 
- 39. 59 
=e 1 2 
3895 85 
-58.58 
Waa. oc 
-38.06 
- 7.50 
το ο 
ο 
“27.05 
"σου 
و2‎ 77 
25509 
zx onu 
-35.86 
-35.64 
E5020 
-31.59 
-29.88 


1/GD(DB) 


-2 209 
>ረ 18 
-2 40498 
-2 . 0476 
-2.0455 
-2.0433 
- аиа 1 
= 0588 
-2.0566 
“2, 03545 
-10519 
-2.0296 
"90275 
-2e. 029 
Teme co 
-2.018 
-22 275 
“ሪር የባህ 
“2,032. 
=e, 00 
“ሪን ከ.” 
- 2 1046 


idee - 


* 99S 
129967 
-1.9940 
1229913 
-1.9086 
T9 7 
1.98592 
-1.9804 
و-‎ 97 77 
-1.9749 
-1.9721 
-1.9693 
-1.9665 
= INOS 
-1.9609 
-1.9580 
-1.95952 
шй: بد‎ 
“1.5499 
-1.9466 
-1.9437 
-1.9408 
179 
پا‎ 550 
-1.9058 
“1.8762 
-1.8467 


Яса” پس‎ | 


-129.78 
“190,242 
"τους 
“በን ο 
-131.49 _ ا‎ .. 
“21,90 
=4፡:5 2. 31 
ος "o vno M 
-133.09 
-133.48 
ος το δε 
-134.23 
“134.59 
-1354.96 Να 3 
142251 
-135.66 
هم 15هد‎ ٢ م۳‎ 
-136.34 
-136 8 
اب‎ 48 
-15/ 195 
7157 165 
та στ. 
-1538 228 
-138 . 8 
-138 178 
-159798 
- 199.297 
-199 ον, 
-140 3105 
-140 253 
1940) οἱ. 
-1%) 398 
-141.15 
-141.42 ` 
-141.68 
-141.94 
-፥142,20 ` 
-142.45 
-142.70 
- 142795 s 
-143 ЖО 
-143.43 


€——— AS [e 
“ 


-—À— 


. 
— 


PH L REAL 
1.0000 1.0850 
1.0500. 1.0953 
1.1000 1.1038 
1.1500 7 

О 
8.2500 1.1215 
1.3000 1.1249 
SS UL 1279 
1.4000 1.1304 
1.4500 5 

145000... 1.1338 
1.5500 1.1349 
1.6000 1.1357 
τους τες] 
1.7000 1.1365 
1.7500 1.1366 
ΠΠ 424365 — 一 
1.8500 1.1363 
1.9000 1.1360 

ο 1,9500. 4.1355__ 
2,0000 1.1350 
2.0500 43 
a 1000 s 
ο ο 1191329 
К 200077 1.1521 
АЕ 
2,5000 1.1305 
2.3500 1.1296 
"3000 286 
2,4500 1.1277 
2.5000 1.1268 
2,5500 1.1258 
2.6000 1.1248 
2.6500 1.1239 
Π.Ι 
2.7500 1.1219 
2 5000881. 1209 
2,8500 1.1200 
2.9000 7151190 
2,9500 0 
3.0000 1.1171 
3.0500 1.1161 
1000 1.1151 

5,4500. 1.1242 
3.2000 1.1133 
3.2500 53 

E sooo 1.1114 
3.3500 1.1105 
3.4000 1.1096 
3.4500 1.1087 


INERTIA CONTROLLED 


IMAG 


EDS 
ж 29206 
= 5303 
-,5061 
- 4898 
-.4631 
-.4439 
ae 60 
‚4093 
"5 95/8 
„3792 
‚4656 
«35038 
-.5407 
-.3294 
3187 
‚5086 
‚2991 
‚2900 
. 2815 
02755 
=. 205% 
. 2582 
ΗΟ 
-.2445 
«2681 
. 2521 
12269 
.2207 
2155 
2102 
-.2053 
‚2006 
219561 
.1918 
.1876 
‚1836 
του 
= 17560 
‚1724 
‚16869 
-,1656 
-.1624 
-.1592 
-.1962 
5218254 
1205 
-. 1478 
-.1451 
5 


I 


qp Ьа Ьа ра ра ра үл‏ هم هم هم = هم هم همهم هم شم هم ها شم عم ۸م دم د) همه( i+ Fx * A I. ET E Ἐ»‏ شم Ба р ра ра БА р фа ра ра‏ همد هم موم دم 


-19h- 


"GD 


#2527 
. 26 
‚2246 
.e206 
[2167 
.2129 
“2093 
"2057 
-2022 
.1988 


0 


BACKLASH 


PHASE. 


٢‏ ني 
26.94- 
25.66- 
24.50- 
458 .325 
4 ,27 2 - 
κό‏ 21- 
20.69- 


-19.91 


- 19, 1⁄2 


2718.49 


- 1 7 9 
- 7 .86 
-16.69 
216.1716 
-19%66 
< 155 м9 
-14.75 
-14.32 
22796 
δν 
un 315 
2124955 
=12 150 
12.19 
πα ο 
11760 
=f 1 5 
1. 05 
-10.81 
“10.9% 
“10.54 
ΠΤΙ 
و:-‎ 90 
-9.69 
-9.49 
-9. 30 
-9.12 
-8,94 
-8.77 
- 8 . 60 
-8.44 
“8.28 
-8.13 
-7.99 
„7,85 
-7.71 
-7.58 
“7,452 


LS i 









1/GDCDB)... THETA 25 
اي‎ ን -451 67 
1.7882.  -15$.06208 
-1.7596 “154.34 
1.73814 e 195 21 
-1: 7,0 38 — 7 
-1.6768 “157.56 
-1.6504 -158.47 
-1.6246 . 2.00. 
-1.5995 -160.09 
-19750 «160.85 
-1.5511 „еа 
1.5279 162.15 
- 150653 -162.74 
-1,4833 __—_— -163.31 58 
-1.4618 -163.84 
-1.4409 -164.34 
-1.42086 5168. ΘΙ 
-1.4010 -165.25 
-1.3817 “165.68 @ 
-1.3630 166.08٤ "(٢ 
-1.3446 =166,46 WE 
-1.3269 -166.82 
-1.3095 - >167.,17 22] 
-1.2926 -167.50 WE 
=1 22761 “ብጀ , 1) 
-1.2600 πι. ΣΙΝ 
-1.2443 -168.40 
-1.2290 -168.67 
-1. 2140. -168.94..ν 
-1.1995 “169.19 
-1.1853 -169.43 | 
-1.1714 -169.66 | 
መ 1575 =169.89: | 
-1.1445 “170.10 | 
-1.1516 SE 
-1.1189 170.5189 
1.1065 170.78 | 
-1.0944._ -170.88 TEJ 
-1.0826 -171.06 | 
10711 «ωμή. ΟΙ | 
1.05942 ce17 15 АШ 
-1.0486 “171.58 
21. 057 -171.72 
-1.0271  —171.87 9 0 
-1.0167 “172.01 
-1.0065 -172.15 | 

-,9965 “172. 29:25 
-.9867 -172.42 
“,0771 “178.55 
-,9677 -17e.67 JM 





————INERTIA.CONTROLLED BACKLASH. 0 


THETA -. 






































WE PHI REAL. IMAG. _ GD. PHASE: 1/GD(DB) 
3.5000 1.1078 - 1 1.1167 7.17 “9584 -172.79 
3.5500 1.1070. | -.1377 1.1155 تت‎ -7,09 :-.9494 -172.91: 
3,6000 1.1061 271353 1.1144 -6.97 -.9406 -173,03. 
3,6500 3 - +1531 1.1133 -6.86 -.9319 -173.14 
3, 7500 1.1036 EU. 1007 1.1111 ТЕН 3 79149 "Ww sow 
3.8000 1.1028 -.1266. 1.1100 -6.55' -.9067  -173.45 
. 3.8500 1.1020 -.1246 1.1090 -6.45 .,.8986.  -173.55: 
3.9000 1.1012 ‘= .1226 1.1080 -6.36 -.8907  .-173.64. 
3.9500 1.1004 -.1207 1.1070 -6.26. -.8828 4 J 
_ 4,0000 1.0996 -.1189 1.1060 -6,17 -.8752  2-173,83 
4.0500 1.0988 54.1171 1.1051: -6.08 -.8677 2173.92 
4,1000 1.0981 -.1153. 1.1041 -5,99 -.8603 -174.01: 
14,1500 1.0973 -.1136 1.1032 -5.91 -.8531  -174.09 
4,2000 1.0966 -.1119 1.1023. -5.83. -,8459  -174.17 
4.2500 1.0959 -.1103 1.1014. ^ -5.75 -.8389 -174.25' 
4.3000 1.0951 -.1087 1.1005 =5,67. -.8320  -174.33 ` 
4.3500 1.0944 2,1072 1.0997 «5,59 -.8252 -174.41 
4.4000 1.0937 2,1057 1.0988 -5,52 -.8185 -174.48. 
ο 4 4500 1.0950 | ፥ሙ,1042 (9 — 1.0980 -5.45 -.8120 . 1254,55! 
| 4,5000 1.0923 e 1001297 1.0972 -8.37- -.8055 -174.63 
4,5500 1.0917 -.1013 1.0964. -5.30 -.7991 -174.70 
4,6000 1.0910 -.1000 1.0956  -5.24 -.7929 2174.76 
4,6500 1.0904 -.0986 1.0948 -5.17 -.7868.  -174.83. 
4.7000 1.0897 : -.0973 1.0940 -5.10 -.7807 -174.90 
. 4,7500 1.0891 --.0961 1.0933. =5.04.- >=,7747 174.96: 
4,8000 1.0884 -.0948 1.0926 |  -4.98 | 7689 -175,02 
4.8500. 1.0878 -.0936 1.0918 -4.92. -.7631 -175.08. 
_. 4.9000 1.0872 -.0924 1.0911. 4۵67 -.7574 ۹4 
4,9500 1.0866 -.0913 1.0904. -4.80 =,7518 -175.20 
5.0000 1.0860 -.0901 1.0897 -4.74 -.7463 2175.26. 
. 5.5000 1.0804 -.0800 1.0834 -4.222 -.6954 -175.77 
7 6.0000 -. 1.0755 -.0717 1.0778 ` -3.81 -.6511 -176.19 
6,5000 1.0711 -.0648 1.0730 -3.46 -.6123 004 
|. 7,0000 1.0672 -.0590 1.0688. -3.17 -.5779 -176,83 
7777.5000 1.0637 ۹441 1.0650 -2.91 =,5472 “177.09 
8.0000 1.0605 -.0498 1.0617 -2.69 -.5197 -177.31 
8.5000 1.0576 -.0461 1.0586 -2.50 -.4949  -177.50 
EES مز‎ 0429 1.0559 -2.33. -.4724 -177.67 
ΠΤ 0000 1.0505 .-.037%9 1.0511  -2.04 -.4551 -177. LI 
7 10,5000 1.0485 -.0352 1.0490 -1.92 -.4159 78 
11.0000 1.0466 -.0331 1.0471 -1.81 -.4000 -178.19 
11.5000 1.0444 -.0313 1.0454  -1.72  -.3853 178.28 
42.0000 3 -.0296 1.0437 -1.63. -.3717 -178.37 
12.5000 1.0418 -.0281 2 el, ተ -.3589  -178.45 
_ 13,0000 1.0404 -.0267 1.0408 > 1,47 , 3471 “178.53 
— 43,5000 . 1.0391 ግ111ተ 1.0394. Xu. «.3360 -178.60 
14.0000 1.0379 :, 0243 1138 efid 5,2880 ۹47647 
_ 14,50 4.5 000 1.036 5 لا‎ 0232. 1.037 0 .-4.28 ο 76.125 ` 








_PHI 


15.0000 


SS 155000 . 


16.0000 
16.5000 


____17,0000__ 


17,5000 
18,0000 


____18,5000_ d. 


19.0000 
19,5000 


መ 20.0000 7. 


20.5000 
21.0000 


21.25000 πμ". 


22.0000 
22.5000 


.  3.0000. 


23.5000 
24.0000 


24.5000 


25.0000 
50.0000 


35.0000 


40.0000 
45.0000 


6 50.0000 |. 


60.0000 
70.0000 


_ 80.0000 — 
1.0068 


90.0000 
100.0000 


_ 14110.0000 ( 


120.0000 
150.0000 


240.0000 - 


150.0000 
160.0000 


_ 170.0000 


180.0000 
190.0000 


...600.0000 


210.0000 
220.0000 


_ 250.0000 


240.0000 
250.0000 
~ 260.0000 


570100 በ በ 
280.0000 





1.0357 
1.0347 | - 
1.0337 
1.0328 
1.0320 — - 
1.0312 
1.0304 
1.0297 = 
1.0290 
1.0283 
1.0277 - 
1.0271 
1.0265 
1.0259 
1.0254 
1.0249 
1.0244 
1.0239 
1.0235 
1.0230 
1.0226 
1.0191 


1.0166 9 


1.0146 
1.0131 
1.0119 - 
1.0100 
1.0086 
1.0076 | 


1.0061 


1.0056 | Á 


1.0051 
1.0048 


1.0044 - 


1.0042 
1.0039 


.'. 1.105... 


1.0055 
1.0033 


1.0032 
1.0030. 


1.0029 


1.0028 


1.0026 
1.0025 
| 498 


1 4 
1.80283 


8 29000000 9€ 1.00229 - 


Елі” - 


ወ 





INERTIA_CONTROLLED. BACKLASH 


ice 
- .0204 
-.0196 

-.0189 | 
- 04/80 
-.0175 

-.0169 | 

.0164. 
- 10158 
- 01988007 
-.0148 
-.0144 
|  . 7.0139 ` 
=, 0135 
-.0131 


-.01028  — 


-.0124 
-.0121 


-.0118 


-.0114 
-.0090 
-.0074 . | ዐ- 
=,0062 
-.0053 

-.0046 | 
-.0056 
-.0030 
-.0025 | 
-.0021 
-.0019 
-.0016 
-.0015 
-.0013 
-.0012 | 
-.0011 
-.0010 
-.0009 | 
-.0009 
-.0008 
#2 -.0008 "٢ 
-.0007 
-.0007 


-.0006 | 


-.0006 
-.0006 


9.0008 


-10005 
2.8888. 
0008 ` 


[MAGES =__ 
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GD PHASE. 1/GD(DB) THETA- ἩΝ 
1.0359 “1.23. -.3068 -178.77 | 
21540349 . 1.18.  .-.2981. -178.807 ШЫ 
1.03539 “1.153. -.2900 -178.87 TT 
г 0330 “1.09 =,2822 -178.91 

„0322. -1.075' هھ‎ 27۹9 -178.95 E 
М 0313 -1.01. ‘= .2680 -178.99 
1. 0305 e, NB. ه.‎ 2614 797 02. i 
1.0298 7 ->.94 «-,2551 «179.06. 5 
1.0291 =,9 =,ሪ491 “179.09 ' 
1.0284. -.88. -.2435.  -179.12 | 
1.0278. ,ه‎ ۵5: -.2580 7179.15: б 
1 0 2 -.83. -, 2328 --179.17 
1.0266 -.80 -.2278 0 
1.0260 -«. 78 -,2231 "179.22 I 
1.0255 -.76 -.2185 -179.24 
1.0250 se d A -.2142 -179727 
1.0245 -.71 -.0100 -179. 99 € 
1.0240 =,69 -.2059 “179.31 
1.0235 -.68 -.2021 -179.32 
1.0231 -.66 | -.1983. -179.34 - 
1.0227 =,64 -.1947 -179.36 | 
1.0192 1ه‎ -.1648 “179.49 
1.0166 | | D0..SC.42 -.1430 7179.58 d 
14 0147 5ه‎ -.1263 - 179,65 
45 0131 2,430 = 115 27179. 70 
1.01990 -n26 -,1025. -179,74 .. 
1.0100 -,21 -.0864 “179.79 
1.0086 7ه‎ -.0746 “179.83 
1.0076  ->.14 -.0657 -179.86 Р 
1.0068 se Le -.0587 -179.88 
1.0061 -.11 -.0551 -179.89 | 
-ርረ.0በ056 -.09: -.0485.. -179.91 ኝ 
1.0051 -.08 -.0446 -179.92 
1.0048 2.08 «.04153 “179.92 
4.0044. . *=.,07 |. -.0385 -179,93 5 
1.0042 -.06 -.0360 -179.94. 
1.0039 -.06 -.0339 “179.94 
1.0037 =,05 0319,ه.‎ ο EE 
1.0035 وه«‎ se HAD d “179.95 
1.0033 -.05 =,0287 - ->179, 95. | 
1.0032 04 — -.0273. °179.96  — BN 
1.0030 -.04. =,026 -179.96 
1.0029 -.04 =,0249 “179.96 
1.0028 #-*.04  -.0239 179.906. _ 
1.0026 3ه‎ 2,0229 179.97 
1.0025 e, DA =,0221 2179. 97 
1.0024. 4,03 3.02128 77 
1:0024. 403. -.0205  -179.97 
1.8024. 2:64: 3:8498 =479:97 


1:0022 3د‎ 210191. -179.97.. ὮΝ 





HPPENDEE XIIF 


Deadzone and Saturation 


Deadzone and saturation occurs frequently in systems 
having electronic amplifiers, It may also be the result of 
Combining two separate nonlinearities waich occur in the 


same path and are not separated by a frequency dependent 


element, 
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Figure XIII 
Deadzone and Saturation- 





——— 一 一 一 一 一 一 -= 一- 一 —————————— —— سم‎ 


DEAD ZONE AND SATURATION 











-199- 


LLLI 














9499 





Е ΠΠ Ee . -......... . 
R GU 1/GD(DB) R GD 1/GD(DB) 
1.0000 1.0000 «.0000 . 9000 ‚9626 ‚3533509 
«9980 . 9999 ‚0009 ‚8980 9615 5410 
9960 9997 7,0026 .8960 — 9 ,9404 7,5512 _ _ 
. 9940 9994 ‚0048 «8940 . 9592 «5615 
‚9920 ‚9991 ‚0074 ‚8920 9581 - 3719 
Е ου ,99848 7 ,0104 «8900 |  .9569 «S823 
.9880 9984 «0167 «8880 . 9558 3929 
«9860 «9980 ‚0172 ‚8860 ‚9546. 40356 
፡9840 . «909576 40211. -6840 #4 39934 4144 
. 9820 9974 0251 ‚8820 ‚9522 «4255 
«9800 «9966 ‚0294 ‚8800 «9510 ‹ 4363 2 
9780 l .9961 90 .,8780 | (94986 | .,4474 | — —  —— 
. 9760 , 9956 ^ 0387 . 8760 . 9486 ‚4586 
‚9740. 995 0 ‚0436 ‚8744 9473 4699 
«9720 ‚9944 ‚0488 ‚8720 ‚9461 ‚4813 
«9700 9938 . 0541 «8700 ‚9448 ‚4928 
«9680 . 9932 .0596 ‚8680 94356 . ‚5044 
,9660 .9922 °` 3 «86609 . «9455 Ж 16. 
«9640 9918 0711 ‚8640 9410 ‚5279 
‚9620 9912 ‚0771 . 8620 . 9398 ‚5397 
9600 |  ,9905  JX  .08433 «8600 4 ,9385 2, 5517 
. 9580 9897 ‚0896 ‚8580 . 9372 . 2668 
9560 9890 «0961 ‚8560 ‚9358 «2760 
10540 Жы” 9896: ,1028 .8540 ጩ..9345  ,5882 1 Е ЕИ 
‚9520 «9879 ‚1095 . 8520 9332 «6006 
«9500 .9867 ‚1165 . 8500 . 9319 6130 
«9480 £ .9859 7,1255 -64980 . 2302 |  .6256 
«9460 9851 .1307 ‚8460 9292 ‚6382 
. 9440 9842 13581 ‚8440 ‚9278 ‚6510 
«94460 ,9834 | .1456 84920 -. .9264 6, 6638 
«9400 9825 1532 · 8400 9250 6767 
9380 «9816 1609 ‚8380 9237 6898 
. 9360 .9 80 8 .1688 ‚8360 ‚9223 ‚7029 
‚9340 9798 ‚1768 ‚8340 ‚9209 .7161 
9320 9789 ‚1849 . 8320 . 9195 ‚7294 
. 9300 ‚9780 ‚1952 ,8300 .9180 7,  .7428 
. 9280 ‚9771 «2016 ‚8280 ‚9166 ‚756% 
«9260 9761 ‚2101 ‚8260 9152 ‚7698 
«9240 κ ‚9751 ‚2187 ‚8240 ‚9137 ‚7835 
‚9220 9742 ‚2274 ` ‚8220 . 9123 «7973 
9200 9732. 2563 ‚8200 ‚9108 ‚8111 
791680 398 ,9/22 «24520 «81809  .9094 ‚8251 
«9160 ‚9711 ‚2543 . 8160 ‚9079 ‚8391 
9140 9701 ‚2635 ‚8140 . 9064 ‚8532 
-9.420 2: 5 ,9694. œ ,ሪ/ረሪይ ምም ምቄርፎኸክ፡.፡129ሀ92ጩ፡ . 9050 GO 
9100 9680 2822 «8100 ‚9035 ‚8818 
9080 «9670 ‚2917 «8080 9020 8962 
“9060 . ,9659 «5044 48060 |. 0.9005 7,9107 
39046 19648 ‚4111. ‚8040 ‚8990 ‚9252 
9020 ‚9637 » 32810 (በ974 
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| DEAD ZONE AND SATURATION 
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E. R GÜ 1/GD(0B) R GD 1/GD(DB) 
. 8000 ‚8959 ‚9547 ‚7004 18119 1.8102 
.7980 ,8944 ‚9695 ‚6980 ‚8101 1.8297 
‚7960. “8928 «98645 — —* 3.6960 — ,98082 1.8493 
. 7940 8913 ‚9995 ‚6940 ‚8064 1.8690 
. 7920 ,8897 1.0147 ‚6920 „8046 1.8888 
| .7900-----.8882-- 1,0299 6900------,8027 4..-9067---መ 
‚7880 ‚8866 1.0452 .6880 . ,8009 | 1.9286 
.7860 ,8851 1.0606 .6860 ‚7990 1.9487 
„7840. 8835. 8871.0264. 7 - ЖҮРЕ ρα 7972 1.9689 .— 
.7820 ,8819 1.0917 ‚6820 „7953 1.9892 
. 7800 ‚8803 1.1074 ‚6800 ‚7934 2.0096 
.2760. 8.5707 0] 12518 6780 ‚7916 2.0501. - 
. 7760 877 1.1390 ‚6760 ‚7897 2.0507 
‚7740 ‚8755 1.1549 ‚6740 „7878 2.0714 
F720 ¿8739 ЖЕЛ 1710: 266585 6720 7859 2.0922. E 
.7700 . 23 1.1871 ‚6700 ‚7841 2.1131 ( 
7680 ,8706 1.2033 ‚6680 ‚7822 2.1341 
‚7660 ‚8690 122197 6660 „7803. 2.1551. —— 
‚7640 ‚8674 1.2361 „6640 ‚7784 2.1763 
7620 ,8657 1.2526 ‚6620 ‚7765 2.1976 
‚7600 .8641____1.2692_________,660 7745 2.2190 5 
.7580 ,8624 1.2858 . 4.6580 M7726 2.2406 
‚7560 ‚8607 1.3026 ,6560 ,7707 2.2622 
T 754). .8591— e ШЕК .554ህ 7688 2.2839 S 
қ .7520 ‚8574 1.3364 .6520 . 7669 2.3057 
. 7500 . 8557 1.3535 .6500 ‚7649 2.3276 
=,» 8540 1.3706... 6480. 7630-011٠ ЗЛЕ 
. 7460 ,8523 1.3879 ‚6460 ‚7610 2.3718 | 
‚7440 .8506 1.4052 „6440 . 7591 2.3940 
..... 7420 .8489 2521 4226:26ቼ gea 20 7572 2.4164 
‚7400 8472 1.4401 ‚6400 ‚7552 2.4388 
„7380 ‚8455 1.4577 „6580 ‚7532 2.4614 
‚7560 8438____1,4754_________,6360_ 73م‎ 2.4840 
‚7340 . ,8421 1.4932 ‚6540 ‚7493 2.5068 
7320 ,8403 1.5111 ‚63520 ‚7473 2.5297 
EE. 7300 ,8586 1.5291. .6300- .7454_ __ 2.5527 
.7280 ,8468 1.5472 ‚6280 ‚7434 2.5758 
‚7260 28351 1.5653 .6260 ‚7414 2.5990 
7240 ,8533 1,5836 ... ,6240 7394 2.6223 TE 
77220 ‚86516 1.6020 ‚6220 . 7374 2.6457 | 
7200. ‚8298 1.6204 . 6200 7354 2.6693 I 
‚7180. 862810 1.6390.....::..6180 .:.7034...መረሪርስንጅ ደ 
‚7160 WEE 1.6576 . 6160 ‚7514 2,7167 - 
. 710 ‚8249 1.6763 ‚614 7294 2,7406 
‚„7120_____.8227____1.6952__________,612% «7274. 2.7646.... 
‚7100 WEE 1.7141 6100 ‚7254 2.7887 
‚7080 ‚8191 1.7351 | ‚6080 ‚7234 2.8129 
و‎ «7060 «8179. 1.7522. .6060 7213 2.5372 22፪ 
ኣኣ | ‚7040 ‚81459 1,7714 ‚6040 ‚7193 ~ 2.8617 
y .7020 ፡813/ 1.2908 6090 7178 2.8068 
18 o 
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DEAD ZONE AND SATURATION 
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| cM d x DBNE 0 . لل‎ E .-: - 

R GD 1⁄GD(DB) R GD 1⁄GD(DB) 
.6000 (7152 2.9109 «5000 ‚6090 4,3077 
. 5980 . 7132 2.9357 ‚4980 ‚6068 4.3392 
‚5960 ‚7112____2.9606 ‚4960)_____,‚6046____4,3709 
. 5940 . 7091 2.9857 ‚4940 ‚6024 4,4027 
‚5920 ‚7071 3.0108 ‚492 ‚6002 4,4348 
„5900 ,705 3.0361 ‚490 .5979 4,4669 
‚5880 ‚7030 3,0615 ‚488 ‚5957 4.4992 
‚5860 ‚7009 3.0870 6 4860 ‚5935 4.5317 
.5840 |  .6988. 35.1126 | : ,4840 |  .5913 4.5644 
„5820 ‚6968 3.1384 ‚4820 5890 4,5972 
.5800 .6947 3.1643 . 4800 ‚5868 4,6302 
„5780_____,6926_____3,1903_________,‚4780_____,5846 4,6633 
.5760 .6905: 5.2164 .4760 .5823 4,6967 
.5740 ‚6884 3.2426 ‚4740 ‚5801 4,7301 
,5720 ,6864 3.2690. «4720 5778 4.7638 
‚5700 ‚6843 | 8.2955 ‚470% ‚5756 4.7976 
. 5680 . 2 3.3221 .4680 ‚5733 4.8316 
«5660 .6801 | 3.3489 . .: .4660 . «5711 | 4.8658 
‚5640 ‚6780 3,3757 . 4640 ‚5688 4.9002 
. 5620 ‚6759 3,4027 ‚4620 . 5666 4.9347 
. 5600 «6758 3,4299 .4600 |  .5643 2.9694 
‚5580 ‚6717 3,4571 ‚4580 - .5621 5.0043 
. 5560 .6695 3.4845 ‚4560 ‚5598 5.0394 
‚5540 ‚6674 3,5121 .4540 1.5575 5,0746 
.2520 ‚6653 3,5397 ,4220 “ጋ ን 2.1101 
„5500 ‚6632 3,5675 . 4500 . 5530 5.1457 
‚5480 ‚6610 3.5954 ‚4480 ‚5507 5.1815 
„5460 ‚6989 3,6235 ‚4460 ‚5484 5.2175 
.5440 .6568 3.6517 . 4440 .5462 5.2537 
.5420 .6546 3.6800 ‚4420 ‚5439 5.2901 

2.5400 .6529 3.7085 ‚4400 ‚5416 5.3267 
. 5380 ,6504 3.7371 ‚4380 ‚5393 5,3635 
‚5360 .6482 3.7658. ‚436 .5370 5,4004 
‚5340. ‚6461 3,7947 . 4540 ‚5347 5.4376 
‚5320 6439 3.8237 «4420 ‚5324 5.4750 
«5200 7.6417 3.8528 4300 7.5301 5,5125 
.5280 ‚6596 3,8821 . 4280 . 5278 5.5503 
. 5260 63474 3.9116 . 4260 ‚5255 5.5883 
5240 1.6352. 5.9442 .4240  .5252 9,6265 
.5220 „6531 3,9709 ‚422 ‚5209 5.6648 
‚5200 ‚6509 4.0008 ‚4200 ‚5186 5.7034 
‚5180 6287 4.0308 ,4180 7.5163 5.7423 
‚5160 ‚6265 4.0609 ‚4160 . 5140 5,783 
‚5140 ‚6244 4.0913 .4140 ‚5117 5,8205 
«5160.  .62δὲ 4,1217. 4190 7.5093  Á— 5.8600 
.5100 .6200 4.1523 ‚4100 ‚5070 5.8997 
5080 ‚6178 4,1831 ‚4080 ‚5047 5.9396 
. 5060 6156 4,2140 4060 «520254 5.9797 
5040 61484 4,2451 ‚4040 ‚5000 6.0200 
‚5020 ‚6112 4,2763 ‚402 ‚4977 6.0606 


“ἀπ. — — دد‎ — — .  ——— —- 


DEAD ZONE AND SATURATION 






















































































































































D . — چم ين‎ 0 _ 
R GO 1/G0C DB) R GD 1/GD(DB) 
.4000 ‚4954 6,1014 . 3000 . 3762 8.4925 
. 3980 ‚4930 6.1425 . 2980 5987 8.5488 
. 3960 490 / 6.1837. . ,2960_ ——.3713—— 8.6055 3 
‚3940 ‚4884 6.2252 ‚2940 . 3689 8.6626 
3920 ‚4860 6.2670 .2920 ‚3664 8.7201 
፡3900---------483/ 6.3090 2900 3640 8.7780. — 
. 8880 ‚4815 6.3512 .2880 . 3616 8.8364 
. 3660 ‚4790 6.3937 . 2860 3591 8.8952 
584018. ,4766.ሮ56,436. FT 115.2840. . 5567 8.9545 . 
. 3820 ‚4745 6,4794 . 2820 ‚3542 9.0141 
. 3800 4719 6.5226 . 2800 ‚3518 9.0743 
. 3780 ‚4696 6.5661 2780 3493 9.1349 
„3760 ‚4672 6,6098 . 2760 5469. 9.1959 
3740 . 4648 6.6538 . 2740 . 3445 9.2574 
322098 4623 6.6981 2720 3420 9.3194 E 
3700 ‚4601 6.7426 .2700 ‚3396 9.3819 
. 3680 437 8 6.7874 . 2680 3571 9.4449 
„3660 ,4554 6,8325 .2660- 3346 9,5083 —— 
. 3640 ,4230 6.8778 ‚2640 3322 9.5723 
. 3620 ‚4906 6.9234 «2620 5297 9,6368 | 
3600 ‚4483 6.9693 2600 .3273--0.7016 - ٢ 
. 3580 . 4459 7.0155 .2580 23248 9,7673 
. 3560 ‚4435 7.0620 ‚2560 ‚3224 9.8334 | 
58540 «4411 7.1087 ‚254 3199 9.9000. —— 
4 ‚3520 .448/ 7.1557 ‚2520 ‚3174 9.9671 | 
. 3500 „4364 7.2031 .2500 .3150 10.0348 
. 3480 4540 7.2507 ‚2480 5125 10.1031 MI 
, 3460 ‚4516 7.2986 . 2460 .3100 10.1720 
. 3440 ‚4292 7.3469 . 2440 .3076 10.2414. 
eee 5.4.20 .4268 7,3954 2420 3051 10.3114 Ἢ 
.3400 WEE 7.4443 . 400 .5026 10.3821 | 
3380 ‚422 7.4935 .2380 .3001 10.4534 
. ,3360 .4196 7,5429 25360 «20977 10.5252 5 
. 4340 - ,4472 7.5927 2340 .2952 10.5978 
. 3320 ,4148 7.6429 .2320 2927 10.6709 
3300 .4124 7.6933 2500 29002 10.7448 . 
. 3280 ‚4100 7.7441 ‚2280 .2878 10.8193 
‚3260 ‚4076 7.7953 ‚2260 «2857 10.8945 
3240. 4052 : 7.8467 . 2240 2828. 10.9703. — 
.3220 ‚4028 7.8986 .2220 .2803 11.0469 
.3200. ‚4004 7.9507 .2200 .2778 11,1٢ 
‚3180 ,3980 8.0032 2180 2/54 | 11.2022. 292 
3460 2.3959 8.0561 ‚2160 ,2729 11.2810 
‚3140 „3931 8.1093 .2140 .2704 11.3605 
„3120  .3907... 8.1629 | 2120 2679 11.4408. — 
‚3100 , 58834 8.2169 .2100 ,2654 11.5219 
. 080 ‚3859 8.2713 ‚2080 «2629 11.6038 
3060 . - ,3834 8.3260 ,2060 «2604 11.6865 — 
x 13040 ‚3810 8.3811 ‚2040 ‚2579 11.7700 
8.4366 ‚2020 ‚2554 — 11.0544 


, 3020 ‚3786 


二 一 一 一 ————— A — 
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مم ر س — - یسم ا F  — ——F —— a‏ ——— —— - — — 


DEAD ZONE AND SATURAIION 














m et يخس — نت‎ BES 一生 二- E 

К 50 1/α0 (08) R GD 1/GD(DB) 
‚2000 ‚2929 11 9396 1000 21271 17.9163 
.1980 . 2504 12.0258 : . 0980 .1246 18.0912 

„24 79፡፡%:፡. 1ረ.,41ረ85...ሬመሬጨ ስክ 09 64) 1220. 18.2697 

‚1940 ‚2455 12.2007 «0940 «1155 18.4521 
«1920 ‚2430 . 12.2896 . 0920 ‚1170 18.6383 
„1900 „  .2405___12,3794__._______ ‚0900 1144 18.8287 
.1880 ‚2580 12.4702 ‚0880 ‚1119 19.0234 
.1860 ‚2559 12.5620 ‚0860 ‚1094 19.2225 
‚1840_____,2329___12,6548____________,0840______,‚1068____19.4264 
‚1820 ‚2504 12.7487 . 0820 ‚1043 19.6353 
‚1800 ‚2279 12.8456 ‚0800 ‚1018 19.8493 ) 
472866 4.2254 312.9396 0781 010292  20,06827 
‚1760 ‚2229 13.9567 . 0760 .0967 20.2939 
‚1740 ‚2204. 13.1349 ‚0740 ‚0941 20.5251 
‚1720 02179 13,ሪ343 ‚0720 ‚0916____20.7627 
‚1700 ‚2154 15.3349 .0700 ‚0891 21.0069 
‚1680 ‚2129 13.4367 . 0680 , 0865 21.2583 
. 1660 2104 13.5398 «06609 . «0840 21.5172 
«1640 ‚2079 13.6441 «0640 «0814 21.7841 
.1620 .2054 15.7497 ‚0620 ‚0789 22.0595 
«1600 .. ,2028 ж13,8567/ 2... .064/2. .07637- 22. ЗЕК 
‚1580 . 2003 13.9650 .0580 - .0738 22.6381 
. 1560 ‚1978 14.0747 ‚0560 ‚0713 22.9426 
1540 —— 1955 .14.18>9 мш 0ھ5 0 ,سک‎ .06867. 23,2581 088 
‚1520 ‚1928 14.2985 ‚0520 ‚0662 25.5856 
.1500 .1905 14.4127 ‚0500 . 0656 23.9260 
.1480 .187/ 14.5284 «04809 |  .0611  À 324.2803 
‚1460 ‚1852 14,6457 ‚0460 . 0585 24,6497 
‚1440 ‚1827 14.7647 ‚0440 . 0560 25. 555 
.1420 ‚1802 14.8854 .!0420 7.0555 25.4394 
‚1400 لل‎ 15.0077 «0400 ‚0509 25.8629 
‚1380 ‚1 78 15.1319 . 0380 ‚0484 26.3082 
‚1360 .1726 15.2579 .0360 ΄ .0458 26.7776 
. 15408 1704 15.3858 | «0440 ‚0433 27.2739 
. 1320 ‚1676 15 54:568 .0320 .0407 27.8003 
‚1500 „Оз ш 1... O41 5 ‚0500 0582 28.3607 
‚1280 . 1625 15.7814 . 0280 0356 28.9598 
.1260 .1600 15.9174 . 0260 0331 29.6033 
1240€. .1575 16,0557 m 0240 0306 30.2984 
.1220 01549 16.1962 ‚0220 ‚0280 51.0540 
‚1200 «19494 16.5391 ‚ 0200 20252 41.8818 
.1180 «1499 16,4844 .0180 .0229__ 32.7968 
.1160 ‚1474 16.6322 ‚0160 ‚0204 * 33.8198 
‚1140 ‚1448 16.7826 ‚0140 ‚0178 34.9795 
‚1120 ‚1423__ 16,9356 .0120  .0153 36,5184 
.1100 .1398 17.0915 ‚0100 ‚0127 47.9019 
.1080 ‚13472 17.2502 ‚0080 ‚0102 39.8401 
«1060 1547 17.4120 0060 ,0076 4፡,3368 
24096 : t322 47:5768 +0040 ‚0051 45.8606 
‚1020 ‚1296 17.7449 .802u TEEI- 54:8848 
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DEAD ZONE AND SATURATION 
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жу 





































E. `. _ че 4 DAS 2 | M 
R GO 1/GD(DB) R GD 1/GD(DB) . 
1.0000 7471 2.5329 ‚9000 ‚7347 2,6761 2 
. 9980 ‚7475 2.5283 ‚8980 „7341 2.6854 
‚„9960_____,‚7478____2,5248 ‚8960 ‚7334 2,6926. . 
‚9940 ‚748 2.5220 . 8940 . 7528 2.7003 
.9920 .7482 2.5197 ‚8920 7322 2.7079 
9900 | ,74864 2,5178 ‚8900 ‚7315 2.7157 - 
‚9880 ‚7489 2.5164 ‚8880 ‚7308 2.7236 
. 9860 ‚7486 2.5153 8860 7302 2.7316 
| «98403 7486 | 2.5147 „840 7295 2.7398 
‚9820 7487 2,5143 8820 ‚7288 2.7480 
. 9800 ‚7487 2.5142 ‚8800 ‚7281 2,7564 | 
‚9780_____,‚7486____2,5144________ ‚8ву80______,‚7274____2.764%9 ИШ 
. 9760 . 7486 2,5150 .8760 7266 2,7736 
.9740 ‚7485 2,5157 ‚874 ‚7259 2.7823 | 
‚9720 748» 2,5167 «9720  .7252 — 2.7912 M 
.9700 „74835 2.5180 ‚8700 7244 2.8001 | 
.9680 ‚7482 2,5195 ‚8680 7237 2,8092 | 
.9660 ,7481 2,5212 ,8660 -7229 2,8185. 
.9640 .7479 2.5232 ‚8640 7221 2.8278 
. 9620 ,7477 2.5254 ‚862 ‚721% 2.8372 0 
.9600_____,‚7475____2,5277 .8600)_____,‚7205____2,8468___ 
9580 ` ‚7475 2.5303 ‚8580 27199 2.8565 
. 9560 . 7470 2.5331 . 8560 . 7189 2.8663 . 
‚9540 ,7468. 2,5361 ,8540 — — ,7181 2,87622 "(٢ 
.9520 .746> 2,5392 .8520 7198 2,8862 | 
. 9500 ‚7462 2.5426 ‚8500 . 7164 2.8963 | 
‚9480 ‚7459 2.5461 8480 ‚7156 2.9065 . 
. 9460 ,7456 2,5498 8460 ‚7148 2.9169 
‚9440 ‚7453$ 2.5537 . 8440 .7139 2,9273 
‚9420 ‚7449 2.5577 ‚8420 ‚7150 2.9379 
‚9400 ‚7446 2.5619 8400 . 7122 2.9486 
9380 7442 2,5663 8380 8 2,9593 
,93560 7.7438 2.5709 83460 .; 7104: οσο... 
„9340 ‚7434 2,5756 ‚8340 ‚7095 2.9812 
‚9520 7430 2,5804 8220 .7086 2.9923 . 
«9300 7426 2,5854 «8300 7077 3.0036 5 
. 9280 ЕРІ 2.5906 ‚8280 7067 3.0149 
. 9260 .7417 2.5959 .8260 ‚7058 3.0263 FE 
„9240 7412 2.6014 ,8240 .7049 . 3,0378 8 
.9220 .7407 2.6070 .8220 7039 3,0495 
‚9200 ‚7402 2.6128 . 8200 . 7030 3.0612 
.9180 ‚73497 _ 2.6187_ .8180 7.7020 3.0731 
.9160 7492 2,6248 8160 ‚7010 3,0850 
‚9140 ‚7587 2.6309 ‚814 7001 3.0971 
‚9120 0097381 263787 .8120  .6991 3,1092 5 
‚9100 7476 2,6437 ‚8100 ‚6981 3.1216 
‚9080 ‚7570 2,6503 ‚8080 697 3.1339 
.9060 7465 2.6571 ,8060 ,6964 3.1464 | 
9040 ‚7359 2,6640 ‚8040 ‚6951 3.1590 
‚9020 ‚755$ 2,6710 . 8020 (6941 3.1717 


— ال سه مس‎ ο. --- O —— = — —— ------ ---------------- —— - ሙ -一 一 一 一 一 一 一 一 一 一 а 一 —— — — 


DEAD ZONE AND SATURATION 


















































































































































ር 29И мағын» Bn eee 
R GU 1/GD(DB) R GD 1/GD(DB) 
. 8000 »69 31 5.1845 - . 7000 ‚6342 5.9553 
٩ . 7980 . 67220 3.1974 ‚6980 ‚6329 3.9734 
wc NED. «6910 3.2104. .69610 — 5506. — 3. 9915 i = ы 
. 7940 . 6 00 3.2255 . 6 9 4 6502 4.0098 
7920 ‚6889 5.2567 «6940 ‚6289 4.0282 
2900 ‚6879 5.2500 6900. |. .6276 4.0466 
‚7880 ‚6868 5,2654 ‚6880 6262 4.0652 
‚7860 ‚685/ 3.2770 .6860 6249 4,0839 
.7840 96847 3.2906 #46840... 6235 4.1027 
‚7820 ‚6836 5.3043 | .6820 ‚6222 4.1216 
. 7800 6825 5.5181 «6800 ‚6208 4.1406 Z 
1780 ‚6814 $3321 ___ Ж. ښوه‎ 6195 4.1597 
. 7760 ‚680343 3.3461 : +6700 „6181 4.1790 
‚7740 67/92 3.3602 ‚67409 ‚6167 4.1983 
«7720 ‚6781 4.342245 e .6221 6153 4.2177 
‚7700 ‚6770 5.3888 .6700 ‚6140 4.2373 
‚7680 ‚6/58 3.4053 «6680 «6126 4.2570 
7660 .6747/ 3 .4178__. S F - «θά. 6112. 4.2767 
. 7640 #6796 5.4324 6640 ‚6098 4.2966 
‚7620 6724 5.4472 6620 «6084 4.3166 
Е IF 7600 „6/14 ὁ. 4660 6600. . . 6020 4.3367 
. 7580 ‚6701 5.4770 «6580 - ‚6056 4.3569 
.7560 ` . 66 U 3.4920 .6260 ‚6041 4.3772 
47540 46628. 7 35,5092. uam (7654 B 6027 4.3976 
. 7520 . 6666 3.5225 ‚6520 . 013 4.4182 
» 7500 6654 3.5378 ‚6500 ‚5999 4.4388 
«7486 «66464 3.9553 w = 6480 ‚5984 4.4596 
. 7460 . 6631 3.5689 6460 «2970 4.4805 
| ‚7440 6619 3.5845 ‚6440 «5956 4.5015 
22420. 9 ይቢ/ቭ - — 3.6010.5 — — Абад) ‚5941 4.5226 
. 7400 6595 5.6162 6400 ` 5927 4.5438 
‚7580 . 6583 5.6321 «6680 ‚5912 4.5651 
7560 «6270 3.6482. __ МЧ ,6560. "Z .5898 4.5866 
‚7540 . 6258 3.6644 ‚6540 . 5885 4.6081 
. 7520 6246 3.6807 ‚6320 «2868 4.6298 
.7500 | | .62534 4,6971 _ ӨЗ .5854 4.6516 
.7 280 62021 3.7156 ‚6280 ‚5839 4.6735 
‚7260 6209 3.7302 ‚6260 «2824 4.6955 
‹7240 -...6ዓ9ዕ 3.7469  .6240 _ ..5809 4.7176 
‚7220 ‚6484 3,7637 .6220 ‚5794 4.7399 
07200 . ‚6471 3.7806 ‚6200 ‚5779 4.7623 
.7180 .6458 3.7976 bed... 5 68 4. 7848 — = 
. 7160 6446 . 3.8147 6160 . 0د‎ 4.8074 
‚7140 ‚6434 5.8319 ‚6140 ‚5734 4.8301 
.7120_ ___. .6420 3.8492 6120 .5719 4.8530 
. 7100 6407 3.8666 6100 «2704 4.8759 
‚7080 ‚6594 3,8842 6080 ‚5689 4.8990 
4,7060 146381. 3,9018 6060 |  .5674 4.9222 ae 
7040 16568 519195 6040 ‚5659 4.9455 
. 7020 «6459 3.9374 ‚6020 ‹3644 4.9690 
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R 60 41/00 (08) ዘ 60 1/GD(DB) 
6000 ‚5628 4,9926 .5000- ‚4819 6.3411 | 
. 5980 5618 5.0163 .4980 ‚4802 6.3718 | 
5960 - ,5398.. 5,0401 „4960. „4785 6.4027 TI 
„5940 ‚5582 5.0640 ‚4940 ‚4768 6.4337 | 
.5920 .556/ 5.0881 ,4920 4751 6,4649 | 
5900. 525 5.1123 ‚4900 ‚4734 6.4962. 29 
5880 5536 5.1566 ‚4880 ‚4716 6.5277 | 
5860 5520 5.1611 ‚4860 ‚4699 6.5594 | 
.5840 ,5504 5.1856 ,4840 ‚4682 6.5913. S 
.5820 .5489 5.2103 .4820 ,4665 6,6233 | 
.5800 5473 5.2352 ‚4800 ‚4648 6.6555 
.5780 ῄὉ 545 5,2606 0 ‚4630 6.68076-- 
‚5760 ‚5442 5.2852 ‚476 ‚4613 6.7204 
„5740 ‚5426 5,3104 ‚4740 ‚4596 6.7531 
5720 ‚5410 5.3358 „4720 „4578 6.7860 | 
5700 5594 5.3613 ‚4700 ‚4561 6.8190 | 
„5680 ‚5378 5.3869 ‚4680 ‚4543 6.8523 
„5660 5565 5,4126. . 4660 ,4526 6.8857. | 
. 5640 25347 5.4385 ‚4640 ‚4509 6.9193 | 
5620 ‚5531 5.4645 ‚4620 ‚4491 6.9531 
‚5600 ; 54515 5.4906 .4600 .4474 6.9870 0 
. 5580 ,5299 5.5169 ,4580 ‚4456 7.0212 1 
. 5560 . 5282 5.5433 ‚4560 ‚4438 7.0555 ! 
5540 ,5266 | 5.5699 | ,4540 - ›,4421 .- 7.0900 62 
. 5520 ‚5254 5,5966 ‚4520 ‚4403 7.1247 
. 5500 „5234 5,6234 ‚4500 ‚43585 7.1596 
„5480 ‚5218 5,6503 ‚448 ‚4368 7.1947 M 
„5460 5203 5,6774 ‚4460 ‚4350 7.2300 
‚5440 ‚5185 5,7047 „4440 ‚4332 7.2655 
. 5420 .5169 5.73521 .4420 ‚4315 7.3012 | 
. 5400 ‚515$ 5.7596 . 4400 4297 7,3370 | 
„5380 „5136 5,7873 ‚438 4279 7.3731 | 
. 5360 5120 5,8151 ‚4560 „4261 7.4094 1 
„5340 ‚5105 5.8430 „4340 ‚4243 7.4458 
„5320 ‚5087 5.8711 „4520 ‚4225 7.4825 
„5300 5070 5.8994 ` ,4400 ..4206 . 7.519፪፪66፪፪8 
„5280 „5054 5,9278 ‚4280 ‚4190 7.5565 | 
. 5260 .5037 5.9563 ‚426% ‚4172 7.5938 | 
+5240 «5021 5.9850 ‚4240 .4154 7.6313 M 
5220 ‚5004 6,0138 ‚4220 „4136 7.6690 | 
‚5200 ‚4987 6.0428 ‚4200 ‚4118 7.7069 | 
.5180 .4971 6.0719 .4180 .4100 7.7451 1 
‚5160 ‚4954 6.1012 ‚4160 ‚4082 7.7835 
‚5140 ‚4937 6.1307 ‚414% ‚4063 7.8221 
5122 ‚4920__ 6.1603 4120 .4045 7.8609 222 
‚5100 ‚4904$ 6,1900 ‚4100 ‚4027 7.8999 
‚5080 ‚4887 6,2199 ‚4080 ‚4009 7.9392 
,5060 7.4870 6.2900 .4060 .5991 7.9786 8 
‚5040 ‚4854 6,2802 ‚4040 3973 8.0184 
5020 224836 6.3106. . 3984 8.0583 
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c ..... .. . ρω D/guse2 = o . 

R GU 1/GD(DB) R GD 1/GD(DB) 
‚4000 . 4936 8.0985 «$000 ‚2998 10.4630 
‚3980 . 3918 8.1589 2980 ‚2979 10.5188 
. 3960 «3900 8.1796. 2960 296 0.1.0.5 2545 ш 
. 3940 ‚4881 8.2205 ‚2940 ‚2940 10.6317 
‚4920 ‚3864 8.2616 ЖАРҒА! ‚2921 10.6888 
5900 5345 8.5030 2900 2902. 10.7463 
. 5880 . 3826 8.3446 ‚2880 ‚2883 10.8043 
. 3860 ‚3808 8.3865 ‚2860 ‚286% 10.8627 
3840 5789 | 8.4286 2840 -2844_ 10.9215 
‚3820 3771 8.4710 ‚2820 ‚2825 10.9807 
. 800 “ο 57 875156 . 2800 ‚2805 11.0405 
‚3780 24.54 Жине8” 5565 ‚2780 27/86 11.1006 
‚3760 SS 8.5997 . 2760 .2767 11.1613 
‚5740 3697 . 8.6431 .2740) ‚2747 11.2224 
‚$7/20_____,‚3678____8,6868_________,‚272)_____,‚2728___11.2840 
. 3700 . 3660 8.7308 ‚2700 ‚2708 11.3461 
. 5680 5641 8.7750 ‚2680 ‚2689 11.4086 
5660 .5625 8,8195 7. ,2660. . ,2669 11.4717. 
‚5640 3604 8.8643 ‚264 ‚2650 11.5398 
. 3620 ‹3262 8.9093 ‚2620 ‚2630 11.5994 
13600 %.-.356/ _ 8,9547 «20609 .2611 | 11.6640 
» 3580 ‚3548 9.0003 ‚2580 - ‚2591 11.7292 
‚3560 . 3929 9.0462 ‚2560 52572 11.7948 
59540 77.5512 9.0924 02040. 2952 — 1, 61] EN 
. 5520 35492 9.1.589 2520) 29353 11.9279 
« 5500 . 347 9.1857 ‚2500 γιο 11.9952 
. 3480 «5424 9.2528 ‚2480 2494 | 12.0631 |. |... 
‚4460 . 3439 9.2802 ‚2460 ‚2474 12.1316 
. 5440 . 3417 9.3280 ‚2440 ‚2455 12.2007 
54020 .5598 9,5760 2420 2435. 12.2704 
«2400 . 95579 9,4243 ‚2400 ‚2415 12.3407 
. 5580 . 80ک2. 9.4750 60 دد‎ ‚2396 12.4116 

ЕЕЕ .3360. .5541 — 9.5220. 2560 2576 . 12.4832. - 
$3540 5322 9.5713 .2540 2356 12.5554 
‚5320 ‚5505 9.6209 ‚2520 ‚2537 12.6282 
73300 Θα «284. 9.6709 .2500 02517 1.7٢ 
. 5280 . 32692 9.7212 ‚22860 ‚2297 12.7759 
‚5260 . 3240 9.7718 . 2" ‚2278 12.8507 
«3240 ` ©5227 9.8228. ‚2240 . 2258.12. 9263 
‚3220 . 3208 9.8741 ‚2220 . 2998 15.0025 
. 5200 . $189 9.9258 ‚2200 ‚2218 15.0795 
«ЗІО së `, ALEN ж-,.9,97//8В IHR 2199 DEER 
. 5160 3151 10.0302 2160 2179 15.2357 
5140 25126 10.0830 ‚2140 ‚2159 15.3149 
3120 د‎ s113 90-1361 .212U EA 313.3949 
«5100 3094 10.1896 ‚2100 2119 13.4757 
5080 3075 10,2435 ‚2080 ‚2100 13.5573 
«$060... 3056 10.2978 | |  .2060 |  .2080 . 15.6397 
«$040 3037 10.3525. ‚2040 ‚2060 15.7229 
. $020 2020 ‚2040 13.8070 


3017 


— — ፡ 
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DEAD ZONE AND SATURATION 
-— : ΚΞ — m σαν D/53 «πὲ . DEES, 
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R GD 1/GD(DB) қ GD 1/GD(DB) 
.2000 .2020 13.8919 .1004 ‚1016 19.8580 
‚1980 ‚2000 13.9778 ‚098 .0996 20.0328 
‚1960______.1980)____14,0645_________,‚0960 ‚0976___20.2111 
. 1940 ‚196% 14.1522 ‚0940 .0956 20.3933 
‚1920 ‚1941 14.2408 ‚0920 .0935 20.5795 | 
+1900 1921 434,3303 ‚0900 «0945 20.769; Ὃ.. 
.1880 .1901 14.4209 ‚0880 .0895 20.9643 | 
‚1860 1881 14,5124 ‚0860 .0875 21.1633 | 
1840 1861 — 14,6049 ,0840 0054 21.3671 | 
‚1820 .1841 14,6985 ‚0820 .0834 21,5758 
‚1800 .1821 020 ‚0800 .0814 21.7897 x 
.1780 .1801 14.8889 ‚0780 .0794 | 22.0090 | 
1760 ,1781 14.9858 0760 0773. 22.2341 | 
‚1740 ‚1/61 _ 15.0838 ‚0740 .0753 22.4652 
1720 «1741 15.1829 ‚0720 .0753 22.7027 5 
‚1700 1/21 15.2853 ‚070% .0712 22.9468 / 
.1680 171 15.3848 . 0680 ‚0692 23.1981 | 
.1660 ,1681 15.4876 .0660 «067. | 23.4569 
.1640 ,1661 15.5917 „0640 .0651 23.7238 | 
‚1620 ‚1641 15.6971 ‚0620 ‚06631 23.9991 
.1600_ .1621 __ 15.8038 .0600 .0611 — 24,2834 m. 
‚1580 .1601 15.9119 . 0580 (0590 24.5775 
‚1560 .1981 16.0215 ‚0560 „0570 24.8819 
‚1540 .1961 — 16.1324 40540 «550 25.1974 29 
‚1520 ‚1541 16.2448 ‚0520 .0529 25.5248 | 
. 1500 ‚1524 16.3588 . 0500 ‚0509 25.8651 | 
‚1480 .1901 — 16.4743 .0480 .0489 26.2193 | 
‚1460 ‚1481 16,5914 ‚046 ,0468 26.5886 | 
. 1440 .1460 16.7102 ‚0440 .0448 26.9744 
‚1420 ,1440 16.8306 0420 .0428 27.3782 
‚1400 ‚1420 16.9528 . 0400 .0407 27.8017 
‚1380 ‚1400 17.0768 ‚0380 .0387 28.2469 
___.1360_____.1380___ 17.2026 ‚0360)_____,‚0367___ 28.7163. p 
.1340 ‚1560 17.3303 ‚03540 .0346 29.2125 
.1320 ‚154% 17.4599 ‚0520 .0326 29.7388 
‚1300 1520 17.5916 .0300 |  .0306 30.2992 1 
‚1280 ‚1299 17.7253 ‚0280 .0285 30.8982 | 
.1260 ‚1279 17.8612 .0260 .0265 31.5417 | 
.1240 ,1259 17.9993 .0240 «0244  Á 32.2368 .. 
.1220 1239 18.1596 ‚0220 .0224 32.9924 | 
.1200 ‚14219 18.2823 ‚0204 .0204 33.8201 | 
.1180 1.1198 18.4274 .0180 —. .0183 34.73551 TES 
.1160 ,1178 — 18.5751 ‚0160 .0163 35.7580 | 
.1140 ‚1158 18.7253 ‚0144 ‚0143 36.9178 | 
‚1120 .1138 18.8782 ‚0124 ‚0122___38.2566 1 
‚1100 ‚1118 19.0339 ‚0100 .0102 39.8402 
‚1080 ‚1097 19.1925 ‚0080 0081 41.7783 
4060 ,1077__ 19.3541. .0060 .0061 44,2770 : 
‚1040 ,1057 19,5188 ‚0040 .0041 8 
‚1020 .1037- 19.6867 ‚002 0020 53,0194 


E " w," s€ 
ከ GD 1/GD(0B) 
1.0000 .5046 5.9405 
.9980 .5959 5.9263 
— 2.9960---- ,5062.- 5.9136 
.9940 .5069 5,9020 
.9920 5079 5.8911 
-.9900 .5081— 548809 
. 9880 .5087 5.8714. 
. . 9860 25092 5.8624 
.9840 |  .,509/ 5.8559 
.9820 Sid 5.8459 
. 9600 .5106 5.8384 
BO aee لللو‎ 5.8513. 
. 9760 .5114 5.8246 
. 9740 ‚5118 5.8182 
.9720 25121 5.8123 
1 37700 5129 5.8067 
‚9680 ‚5128 5.8015 
. 9660 .5131 5.7965 
. 9640 .5135 -= 5,7919 
.9620 .5156 5.7876 
ol) SE ee 51368 NAE 7857 
.9580 .5140 5,7800 
. 9560 .5142 5.7765 
E —.9540 ,5144 5,7754 
.9520 .5146 5.7705 
9500 .5148 5.7679 
9480 |  .5149 - 5,7656 
. 9460 25150 5.7655 
9449 5151 5.7616 
.9420 5152 . 5.7600 
9400 МЫЛ 99 5.7586 
.9580 25154 5.7574 
9360 .5154 9.7565 
9340 .5159  . 5.7558 
9520 5» 5.7553 
9300 5155 5.7551 
9280 Νο» 5.7550 
9260 9150 5.7552 
በ፡ቋ፡40 % ‚5155 2610. ጋን 
9220 . 25155 5.7561 
9200 „5154 5.7568 
9180 ‚5154 5.7578 
9160 ‚5154 5,7590 
9140 ‚5152 5,7603 
01.20 Me, 5.15.1 eS 7616 
9100 „5150 5.7655 
9080 ‚5149 5,7654 
1 90609898. 5140 Πυρ λ6 75 
‚9040 ‚5146 5.7698 
. 9020 ‚5149 5,7722 











DEAD ZONE AND SATURATION 


——————] 


KE ЕКЫ 
R GD 1/GD(DB) 

-. 9000 „5144 5.7748 
.8980 .5142 5.7776 
. 8960 .5140 

.8940 .5138 5.7837 
.8920 „5136 5.7870 
‚8900 „5134 
` . 8880 .5132 5.7940. 
‚886 .5130 5.7978 
‚8840 ‚5128 

‚8820 ‚5125 5.8059 
‚8800 ‚5123 5.8101 
‚8780 = .5120 =o 919C 
.8760 5117 5,8191 
.8740 .5115 5.8239 
‚8720 5102 5.8288 
‚8700 „5109 5.8338 
‚8680 ‚5106 5.8390 
«8660 . 15.055 5.8443 
.8640 .5099 5.8498 
. 8620 .5096 5.8554 
8600 JOQUOS - 

«8980 -  .5089 5.8671 
‚8560 ‚5086 5.8732 
,8540 ,5082 5.8794 
.8520 ,5078 5.8858 
‚8500 5 „5074 5.8923 
‚8480 шы «5071 5.80989. ΠΝ 
‚84609 „5067 5.9057 
. 8440 „5063 ‚5.9126 
‚8420_____,5058___.5,9196 
. 8400 ,5054 5.9268 
‚8380 .5050 5.9341 
.8360 ‚5046 5.9416 
. 8540 ρα. 79490 
.8520 1 / 5.9569 
‚830 .5032 5,9648. 
. 8280 . 5028 5.9728 
.8260 .5023 5.9809 
‚8240 ‚5018 5.9892. 
.8220 „5013 5.9976 
.8200 : ,5008 6.0061 
ЕСПЕ .5003 6.0148 
.8160 ‚4998 6.0235 
‚8140 ‚4993 6.0325 
‚8120 4988___ 6.0415 
.8100 ‚4983 6.0507 
‚8080 4977 6.0600 
8060 7.4972 6.0694 7 
‚8040 ‚4967 6,0789 
‚8020 6.0886 
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5 78 0S ር 
5.9.04 .τι. 


95-0016 5 


2.86102 анаи 





S ῬΉΝ ም a D Ssss md .—— 
К 1/60‹0В) R GD 1/GD(DB) 
6000 , 4352 6.0984 7000 = .4601 67992 
.7980 6.1084 6980 ‚4592 6,7591 
Ae - -. 7960 .- 6. 114849. ------- 6960 ‚4584 -6.7752 
. 7940 6.1286 . 6940 ‚4575 6,7913 
. 7920 6.1389 .6920 .4567 . 6.8076 
КЕКЕ гоо 614495 . HPO. IA 6.8240 
. 7880 6.1599 .6880 ‚4550 6,8406 
. 7660 6.1705 . 6860 ‚4541 6.8572 
‚7840 6,1813 ‚6840 4532 6.8740 
. 7820 6.1922 . 680 ‚4523 6.8909 
» 7800 6.2033 .6800 ‚4514 6.9079 
‚7780 6.2145 ዯዮ፦: 06780 ‚4506 6.9250 
.7760 6.2257 6760 ‚4497 | 6.9422 
. 7740 6.2371 . 6740 . 4488 6.9596 
1 7720 S 6.2487 6720 7.4479 6.9771 
E7700 6.2603 ‚6700 ‚4470 6.9947 
. 7680 6.2721 . 6680 . 4460 7.0124 
7660 «4951 6.2840. 6660 ‚4451 7.0303 
.7640 6.2960 .6640 .4442 7.0482 
.7620 6.3081 ‚6620 ‚443$ 7.0663 
‚7600 cA i) 6-520409 CGO ‚4424 7.0845 
‚7580 6.3327 .6580 .4414 7.1029 
.7560 6.3452 . 6560 ‚4405 7.12; 
540 _ 491 6.3578 .  -.6540. 4395 7.1399 39 
. 7520 6.3706 ‚6520 ‚4586 7.1586 
.7500 6,5854 ‚6500 43577 7, 
743) —— 6.8964 . 6480 ‚435367 7.1964 
. 7460 6.4095 . 6460 ‚4357 7.2154 
. 7440 6.4227 „6440 „4548 7.2346. 
.7420 6.4560 .6420. ‚4538 7.2540 
P7400 6.4495 ‚6400 ‚45328 7.273% 
.7380 6.4650 . 6380 ‚4519 7.2930 
ЖЕ ep „424 44 6-4767 a «6260 ` 2.4309 1.353 2228 
. 7340 6.4905 .634U . 4299 7.3325 
. 7320 6.5044 .6320 ‚4289 7.5524 
NE 75008 4221 ™ S5184 - ,6300. - ,4279. - 7.3725 
. 7280 6.5326 .6280 ‚4269 7.3927 
.7260 6,5469 ‚6260 ‚4259 7.4130 
Ae ОЕ . 4608. 6.52.6240. 4246. 7.4335 
.7220 6.5728 ‚6220 4259 7.4540 
| 7200 6.5904 ‚6200 ‚4229 7.4747 
νι... .,1605 .4675. 6.6051. . . - ,6180.. .4219 | 7.4956 
7160 6.6200 .6160 ‚4209 7.5165 
| ‚7140 6.6350 ‚6140 ‚4199 7.5376 
ου -4650:.--....--6...ፅ 2.0 6120 _ .4188 ΜΕ 
| 7200 6.6653 ‚6100 ‚4178 7.5802 
‚7080 6.6807 ‚6080 ‚4168 7.6049 
. .. ኤን ῃ΄ «4626  ὀ.696ἱ «6060 .4158 
:7040 6.7117 ‚6040 ‚4147 7.6450 
6,7274 :608U #137 7:8689 


. 70 0 


— — —— _ 























- ዴፎ- 























— - — M - - —— — - 


DEAD ZONE AND SATURATION 





































































































一 -一 一 一 一 一 一 መመመ — — —r 
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DEAD ZONE AND SATURATION 


























E. oue Dre de. . -ᾱ. s 
R GO .- 1/00(08) R GD 1/GD(DB) 
6000 ‚4126 7.6889 -.5000 35561 8.9696 
.5980 34416 4- 7110 .4980 . $548 8.9991 
ον. 100 δα _ ‚4960 3536 9.0288 
.5940 ‚4095 μα σου .4940 .3524 9.0587 
.5920 .4084 7.7782 ‚4920 522 9.0887 
5900 - 2.4073 7,8009 .4900 B50 9.1190 
.5880 .4063 7.8257 .4880 ‚3488 9.1493 
.5860 4052 7.8466 | . 4860 3475 9.1799 
«5840... 4041 7.8697. ‚4840 .3463 9.2106 
.5820 ‚4030 7.8929 ‚4820 ‚3451 9.2416 
5800 ‚4020 7.9163 .4800 . $438 9.2726 
αμ 4109 .. 49397 4780 _ 426 _ 9.3039 
.5760 3952 7.9634 „476 E TY 9.3354 
-5740 КЕРУ) 2.9871 „4740 3503 9.5670 
. 5720 20 ټپوسسص‎ 0١ 10 ee nn 36 9. 199i. ШЕ 
.5700 . 3965 ΝΟ» «4700 . 3376 9.4308 
.5680 3954 8.0592 .4680 . 5564 9.4630 
.5660 594 8.0836 .4660 . «33951 9.4953 
‚5640 . 3932 8.1080 „4640 . 3339 9.5279 
.5620 5920 8.1326 ‚4620 . 4326 9.5606 
EDO —  ——93 910. 041274. . AOL. alg 507 
. 5580 . 398 8.1823 ‚4580 23500 9.6267 
. 5560 ‚3887 8.2073 . 4560 5289 9.6600 
N.55b4) ——.39870 ني‎ 440 "4,5275. 760602 
‚5520 ‚3865 8.2578 ‚4520 . $263 9.7272 
. 5500 ‚385$ 8.2833 „4500 ‚3250 9.7611 
‚5480 E. ode 8.3089 .4480 5238 9.7952 
.5460 .3331 8.3546 ‚446 ‚3225 9.8295 
. 5440 5619 8.3605 ‚4440 21 9.8640 
.5420 .3808 8.5866 44420. 5199 9.8987 
.5400 .3/96 8.4128 .4400 ‚4187 9.9336 
‚5580 ‚3/85 8.4592 . 4580 „3174 9.9687 
„5360. ‚35775 8.4657 ‚4560 .$161 10,0040 
„5540 ‚3762 8.4923 ‚4540 .3148 10.0395 
‚5320 . 3750 8.5192 ‚4520 .$135 10.0752 
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S960 .2899 | 10.7562 ‚2960 -2209— 15.1160 0 
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. 3620 .2669 11.4724 ‚2620 „1965 14.1309 
ጋጋሪ 570 eg OS ,1951--14.1950--- 00 
. 3580 ‚2642 11.5619 ‚2580 ‚1936 14.2597 
3560 .2628 11.6070 .2560 .1922 14.3248 
‚5540. -2618. 116525 “ағар .1908. 14.5906 — EI 
. 3520 ‚2601 11.6983 ‚2520 ‚18934 14.4569 
5500 .2587 7 444 ‚2500 ‚1879 14.5237 
. 35480 2225 ek 2 ‚2480 .1864. 14.5912. UW 
5460 .2259 11.8574 ‚2460 ‚1849 14.6592 
. 3440 ‚2546 11.8844 . 2440 „1835 14.7278 
‚3420 .2932 . 11.9318 ‚2420 «18690 14.7970 | 
‚5400 2318 11.9794 . 2400 .1806 14.8668 | 
. 5580 ‚2204 12.0274 ‚2580 يوند‎ 14.9373 | 
2,5360. ,249) 12,025; «42560. مب‎ 17٨۲7 “ΠΝ 
5540 ‚2476 121243 ‚23540 .1762 15.0801 | 
2.3320 ,2462 12.1732 .252) .1747 15.1525 | 
35200 መ5 ,2448. 1252225 — .2300 = 11,1733 لا‎ DDR 
. $280 ‚2434 12.2722 . 2280 . 1716 15.2993 I 
‚3260 ‚2424 252217 .2260 01706 15.3737 | 
. S2401 , 2406... 12:h7L25& — ምር O 44) .1689__ 15.4488_ — M 
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3200 ‚2578 12.4742 .2200 ‚1659 15.6012 
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. 3160 . 2٠0 12.5773 .2160 ‚1630 15.7565 
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..1482. 16.5814 2 GU. σῶς. «Ὁ ο D 
.1940 .146/ 16.6687 .0940 0716 22.8962 
.1920 ‚1454$ 16.7569 ‚0920 80701 23.0822 
| — .3900. ...1438. 16.8461 ,0900 .0686 — 23.2723 
.1880 61428 16.9363 . 0880 .0671 23.4666 
1860 .1408 17.0274 .0860 .0656 23.6655 
1840 |. .1395 17.1196 «0840 .  ..0641 23.8691 —— 9 - 
‚1820 m5 7 8 dd መ 9 ‚0820 ‚0625 24.0777 
‚1800 ‚156$ 17.3072 ‚0800 . 0610 24.2914 
18 | 2.2449 17444026 .0780 ,0595 24.5106 
. 1760 „1534 || "ودد‎ . 0760 . 0580 24.7356 
1740 ‚1519 17.5968 ‚0740 ‚0565 24.9665 
"sëch 1509 17.6956 0720 .0549 | 25.2038 
51 700 21289 17.7956 .0700 .0534 25,4479 
1680 4274 47,8968 . 0680 . 0519 25.6990 
.1660 |  .1259 17.9993 .0660. «0504 25.9577 
.1640 .1244 468994, 0፡.5 1 . 0640 .0488 26.2244 
.1620 ‚1229 18.2082 . 0620 „047% 26.4996 
.1600 7.1214 18.3146 .0600 0458 | 26.7839 
.1580 .1199 18.4224 .0580 - .0443 27.0778 
. 1560 .1184 6 . 0560 ‚0427 27.3821 
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‚1260 .0959 20.3674 ‚0260 ‚0199 34.0408 
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8000 : 90904 ھ‎ - 77 -.7000 «2955 10.6542 
.7980 .3089 10,2030 ‚6980 «2929 10.6670 
‚7960. 508/. 40,2086.-.,6960 «2924 10.6800 
. 7940 .3085 10.2142 ‚6940 .2920 10.6932 
‚7920 06.51. 21 ‚6920 ,2915 10.7065 
7900 25081 1472251 ک٢‎ ο «2941. 10.7199 
‚7880 ‚3079 mmol. 2522 ‚6880 .2906 5 
.7860 . 307 / وڅوی‎ 0.8» ‚6860 .2902 10.7472 
,7840 5074. 10.,24541፡ «6848 .2897.— 10.7610) ۳ک‎ ٢٢۷ 
.7820 "35070 Ша, 251/ .6820 .2892 10.7750 
7800 5970. 10.2585 „6800 .2888 2 
87780 _ 3067 1042695. a eh BOLL. 2886 5447 
7760 5063. 10.2726 ‚6760 .2878 10.8178 
‚7740 .3062 10.2799 . 6740 .2873 10.8324 
20. .39059 — 104.2873. ж «ὅπου. .2868. 10.8471 
.7700 ‚54057 — 10.2949 ‚6700 .2864 . 10.8619 
.7680 .3054 10.3026 .6680 .2859 10.8769 
.7660 به‎ 3405 . 6660 .2854 10989298 
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‚7580: ‚5040 46 .6580 - .2833 10.9539 
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eee ,7540 250522 102.511 6540 | 
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.7440 50147 10.4074 . 6440 2797 11.0676 
7420 ‚5014 0,4471: 261424 .2791---11.0844 
.7400 "301598000 7432/99 ‚6400 ‚2786 11.1014 
- 7999 3007 10.4569 .6380 .2780 11.1185 
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7-0. «29945. 30.4783....:..:.6600:...... 2758 11o 
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LA .2978 10.5221 ‚6220 ‚2735 11.2603 
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| 2220 .2614 1. 6555 4820 τ. . 2260 12.9174 
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‚5560 (2926 11.9445 ‚4560 22190 1.31908 | 
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‚5540 2452 12.2097 4.540 .2069 13.6828 
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mn EE 5120 c2 32 12.4948. |  .4120 — «= «1978... ντο 
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. $560 ‚1/36 15.2077 . 2560 .1276 17.8860 
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. 5460 . 1692 15.4554 . 2460 .1228 1822172 
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. 3400 ‚1665 15.5726 . 2400 ‚1199 18.4234 
‚3580 ‚1656 15.6197 „258% ‚1189 18.4930 
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85520 ‚1629 15.7629 ‚232 ‚1161 18.7064 
53 00 1621 Ss 200 -1151 ι΄...” 
‚5280 ‚1611 15,8601 .2280 ΤΙ 18.8521 | 
‚5260 ‚1602 15.9093 ‚2260 1132 18.9259 
240. _ 9#و دل‎ 15 .9587 0020240 ιο οι sS 
. 3220 ,198% 16.0086 T2220 Πο 19.0758 
ΡΠ 4574 16.0588 .2200 EINE 19.1518 
353460. «1365. 16.1093. 2l 1095 19,225 ЕРЕК 
. 3160 ‚1956 16.1603 ‚2160 ‚1083$ 19.3060 | 
„5140 .124/ 16.2116 .2140 711179 19.3843 
E 120 .1558 . 16.2685. 7 5.9420 —064 91 9 NN 
πη ‚1528 165.3 ت1‎ .2100 ‚1054 19.5432 | 
„5080 ‚1219 16.3678 .2080 ‚1044 19.6239 
+ $069. 1910 1642907. de 1034 — 19.7054. 
» 3040 .1501 16.4739 .2040 .1025 19.7878 
.3020 ‚149% 16.5276 2020 1035 19.8710 
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DEAD ZONE AND SATURATION 


























ЖЕЗ”. | San. c. 0 25 4 و‎ ኤዶ 
: Gu 1/GD(D8) R GD 1⁄GD(DB) 
.2000 .1009 19.9551 .1000 - .0508 25.8891 
.1980 «0995 20.0400 ‚0980 .0498 26.0634 
О E 95) 0986 209259 ረበ ‚0487___26.,2414 
| ‚1940 „09 22? 0940 «0477 26274908 
.1920 .0966 20.3005 . 0920 .0467 26.6089 
.1900 . - ,0956. 20,3892 „0909 «0457 | 26.7988 
.1880 ,0946 89 . 0880 .0447 26.9930 
.1860 ,0937 20.5697 . 0860 ‚0437 27,705 

21840999 02 A .0840 BEER ل2727‎ 
‚1820 СРЕ :: በመመ 402 ‚0820 ‚0417 «47268 
.1800 ,0907 20.8481 .0800 .0407 27.8170 
1 1 ,089/ 20.9431 7 ,0780 .0396 28.0360 
‚1760 0387۸7 9292 .0760 .0386 28.2607 
.1740 10877208080 1.115.644 Е 0 .0376 28.4915 
‚.1720_____,0867___21.2548_________,‚0720.. .0366__ 28.7287 
E .0858 21.3544 .0700 .0556 6 
.1680 «0948 21.4553 ‚0680 .0346 29.2236 
21660 ,0838 21.5374 „0660 ,0356 — 29.4821 
.1640 ‚0828 21.6407 ‚0640 .0526 29.7486 
.1620 «0816 21.7454 ‚0620 „0315 300! 
.1600 ,0808 — 21.8515 . 0600 .0505 — 30.3078 
‚1580 .0798 21.9589 ‚0580 «0295 30.6016 
1560 10708880822 .0677 . 0560 .0285 30.9057 
| .1540 - ,0778. 22.1780 .. 54} «0275 σι IE 
.1520 «0768 38 .0520 «0265 31.5482 
.1500 «07586 22.4051 . 0500 .0254 31.8883 
.1480 „0748 22,5180 . 0480 .0244 32.0406 
.1460 ..0738 5 ‚0460 .0234 32.6114 
.1440 ПАЗИ 7526 .0440 0224 52. 9000 
.1420 و‎ 2..5724 3 .0420 „0214 33.4006 
.1400 .0708 22.9940 . 0400 .0204 33.8239 
.1380 ООЗ 251174 .0580 «0195 34.2690 
1560 ЕСШ о одос А ‚0560 0185 54.7582 
.1340 .0678 23.3698 ‚0540 .0175 35.2343 
520 .0668 23.4988 .0520 .0163 35.7605 
.1300 ,0658 23.6300 .0300 — — .01538 36.3207 
.1280 .0648 25.7631 .0280 0145. 36.9197 
.1260 .0638 23.8985 .0260 .0132 37.5630 
1244 .0628 | 24.0560 0240 .0122 0ه‎ 
an .0618 | 24.1758 .0220 0112 39.0135 
[1200 .0608 0 .0200 .0102 3980 
.1180 «0298 24.4626 . ,0180 .0092 40.7564 
11160 .0588 24,6098 ‚016% 008: «πη 
БЕКІ .0278 24,7595 ‚0140 .0071 42.9386 
ο) 0568. 24,9120 .0120 «0061 42508 
.1100 ,0558 25.0672 ТТ .0051 45.8609 
τοι .0948 25,2253 .0080 .0041 47.7990 
EE 1060-7 2.2555 EE EE ge 0031 ο ο 
11040 ‚0528 25,5507 0040 .0020 4 
.1020 .0918 25.7162 ‹008ሀ ‚0010 0 
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DEAD ZONE AND SATURATION 

















E >, _ K DU -.8 E LE 
ከ Gu 1/GD( DB) м GD 1/GD( DB) 
1.0000 .1041 19.6220 -. 9000 ‚1428 йк/ EE 
9980 ‚1052 1915993 .8980 1551 17, 5165 
ου. ‚1062 19.4744 . ..896U |. J .13554 'ክመመ 24. 
. 9940 οἷ 0 Κο 19. 40947 «8940 «1447 17.4785 
‚9920 .1082 05192 ‚8920 «1440 17.4603 
U0 1094 19,2471 «8900 1542 174427 ЕН 
.9880 .1099 ΘΙ ‚8880 ‚1445 17.4255 
9660 ‚1108 19.1119 ‚8860 ‚1548 17.4087 
E640 — ile —9.04BS5 —— .884U — 414550. "1293924 
.9820 1190458939. 2869 ‚8820 «1624 17.3766 
‚9800 LIST 18.92/7 ‚8800 21355, 17.3612 4 
Pow 1159 . 18,8/05 . 7 .8/7800.—— —.1357 ο 326 o a. 
. 9760 .1146 198.0127 8760 ‚1560 1773316 
‚9740 ‚115$ 13 16 ‚8740 ‚1362 17.51273 
ОПЕ eee 110004) በ2/፡ 8720 .1364 17.3036 
.9700 О 18.6594 ‚8700 ‚1566 1/7. 6008 
.9680 .1175 18.6106 ‚8680 «1668 17.2725 
|. 9660 118): 18,2652- 7,866, ,1970 1772 ۷ 
.9640 1፡13 LOI . 8640 10/2 17.2525 
. 9620 1а 18.4724 .8620 ‚1374 17.2406 
‚9600 L11923 18.34269. „щш _ „те سالک‎ تر٢‎ 
‚9580 ‚1204 18.5866 ‚8580 - .1578 17.2180 
. 9560 ©1210 18.5424 ‚8560 ‚1379 17:21 5 
OS 2 12 18350262 00. -ἷ- 1581] p d 
. 9520 аот 18.2664 ‚8520 .1582 17.1868 
‚9500 ‚1226 18.2284 ‚850 «1484 17.1793 
.9480 Web we c omm لي صا 1686« 8480« اک‎ 7 
.9460 I2 18.1554 ‚8460 ЕГОР 17 15266 
‚9440 21242 16.1208 ‚8440 ‚1588 17.1499 
0420. E. .1247 485.0861 8420 Т .1590 | 17.1415 
‚9400 „со 18.0528 ‚8400 . 1591 17.135354 
. 93580 „1256 18.0203 ‚8580 .1592 17.1256 
سر سکس‎ 26d 1459900 | ‚8560 1595 17.11 ۳٥ 
. 9540 «166. 1/4099 78 .8 340 .1595 17 11 
‚9320 11269 17.9277 29321] ‚13596 17.1042 
oO 2 212745481 7 59009 ‚8500 91597. 27,9 С! 
‚9280 . 1278 17.8697 ‚8280 ‚1598 17.0914 
. 9260 ‚1282 17.8417 .8260 .1599 17.0854 
924 لس تسول‎ „ δν 8240 «1400 17.097 
9220 ‚1299 ΙΟ ‚8220 ‚1401 17.0743 
‚9200 ‚1294 17.7620 ‚8200 ‚1401 17.0692 
E hell μος: 2ያ፡፤ ያ s _ 8180 1402 17.0644 
‚9160 45 01 ШІСІ .8160 ‚1403 17.0599 
. 9140 «1605 17,685 ы «8140 ‚1404 17.0556 
ото ced SOB ..1.7..6646 ged ο. 1490 ΙΤ. 
©9100 ማክ 17.6418 ‚8100 ‚1405 17.0478 
9080 ‚1519 17.61955 .8080 ‚1405 17.0444 
8.20608 —.1419 17.259 ZB SS SDL εν ee 
«9040 4422 27.27 6б .8040 .1406 17.0382 
‚9020 ‚1429 17.5559 .8020 «1407 47.0355 
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DEAD ZONE AND SATURAIION 































































































ር ዴፎ ር 5 DAS ር የመ <<- ጨጨጨ 0 
R GU 1/ 60 )08( R GD 1/GD(DB) 
.8000 E3240 17.0531 Др >: 2173501 17.1950 
.7980 4408 17.0509 ‚6980 ‚1580 17.2033 
سي‎ _ 7960... 1408 17.02900 6960“ 
.7940 .1408 1798027 3 . 6940 ОЛІ 17.2205 
87020 „1408 17.0258 ‚6920 ‚1576 17.2293 
ο -ے-‎ ορ εφ. 1409991250046 enen .13574- 327-2088 
. 7880 .1409 175.0259 . 6880 1/8 17.2476 
. 7860 .1409 17 0250 ‚6860 „147% 17.2570 
_.7840 «1409 11.026 _ f ,6840 .1370— 1⁄—26658 
.7820 .1409 7 0222 .6820 .1368 17.2763 
. 7800 ‚1409 170222 .6800 .1367 17.2862 
77.808 «1409 | 17.0224 | | | ,6780 «4965 | 17.2964 
7760 ‚1409 12750229 .6760 .1564 17.3067 
. 7740 ‚1409 17.0255 „6740 ‚1562 17,51 
E228 «1409 17.0244. ` . 6720 .1560 ζω... 
7700 „1408 DU 256 .6700 .1359 17.3386 
.7680 .1408 17.0269 „6680 .1357 17.3496 
7660 .1408 | 17.0285 | | .6660 .1355. 17.5607 
‚7640 προ 030. . 6640 ποσο 17.3721 
.7620 „1540 0525 . 6620 .1352 17.3836 
E E 1203801760545: ποις .1350. — 1278958 
. 7580 Em 17.0369 . 6580 .1348 17.477 
. 7560 ‚1406 17.0595 .6560 4546 17.4192 
,7540 2.1406... 17.0424... هم-6540‎ 144 ιτ. 
. 7520 .140> 17.0455 .6520 ‚1542 17.4438 
„7500 11205 17.0487 .6500 21:54] 17.4563 
7480... .14094 17.0522. «64908. 13589 ΠΠ 
.7460 2.1405 17.0559 .646) 4536 17.4820 
. 7440 ‚14045 17.0598 .6440 £1334 17.4950 
7420 :140299—1 7506-5 ЕЕЕ 6420. £13328 7 
. 7400 1401 17.0682 .6400 Sh 17.5217 
. 7580 ао 170727 . ,ፅ38ሀ 4328 17.5353 
‚7560 4400: et 1326_ 17.5490 
7340 ‚1599 17.0823 6340 44524 17.5630 
7320 £1598 17.0874 ‚65320 1522 17.5771 
E300 ,1598. 17.0926.  .6300_  ህሪ0.ር DE 
.7280 .1397 17.0981 .6280 ІІІ 17.6058 
.7260 , 4556 17.1048 .6260 14535 17.6204 
«72405. -i1595 17.1097 E ወ 113-7  - 
7220 ‚1594 17.1158 ‚6220 ОТЕТ 17.6501 
07200 ‚1539$ d 220 ‚6200 1508 17.6652 
-----ί80.... ..14992. 17,12865 . ῺῺ«26180 . 5.1506 175 7771 
| .7160 .1591 17 17 ‚6160 „1504 17.6960 
E7140 44590 17.1419 ‚6140 ΠΗ 17.7116 
__________,7120____.1589___17.1489—_______6120а_____.1299_ ЧЛ a 
77100 .158/ 17.1562 ‚6100 129] 1% 7434 
.7080 ‚1586 17.1635 6080 .1294 17.7595 
EU . 7060. ¿1 828 1775171 ТЕН -+,6060. 4.1292- 11. s 
‚7040 ‚1584 17.1789 ‚6040 .1289 17.7923 


.7020 ‚1582 17.1868 ‚6020 .1287 17.8090 
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DEAD ZONE AND SATURATION 
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= SCH ~ D/S 518 . σπα — 

R GD 1/ 60 )08 ( R GD 1⁄GD(DB) 
.6000 .1284 17.8258 -5000 ‚1136 18.8902. 
. 5980 ‚1282 17.8428 ‚4980 ‚1133 18.9161 
‚5960 ‚„1279___17.8600___________,‚4960______,‚1130___18.9423 
. 5940 ЕТ? 17.8773 . 4940 ‚1126 18.9686 
. 5920 ‚1274 17.8948 Ш 74920 ‚1123 18.9951 
‚5900_____,1272___17.9125_________,‚4900 “1119: 19.0219 
.5880 ‚1269 17.9303 ‚4880 ‚1116 19.0488 
. 5860 ,1266 17.9483 ‚4860 11112 19.0759 
5840 . .1264 17.9665 ,4840 .1109 19.1033 
. 5820 ‚1261 17.9849 ‚482 ‚1105 19.1308 
. 5800 ‚1258 18.0034 ‚4800 ‚1102 19.1585 
5780 1256 18.0221 «478 ...,1098. 19,1864 
. 5760 ‚1253 18.0410 4760. ‚1095 19.2146 
„5740 ‚1250 18.0601 4740 .1091 19.2429 
5720 .1247 9 18,0793. E (όλο). .1087— 19. 2944 
„5700 ‚12459 18.0987 ‚4700 ‚1084 19.3002 
. 5680 ‚1242 18.1183 ‚4680 ‚1080 19.3291 
. 5660 .1239 18.1380 «4660 . ‚1077 19.3583_ 
„5640 ‚1236 18.1579 ‚4640 ‚1073 19.3877 
‚5620 ‚1233 18,1780 ‚4620 ‚1069 19.4172 
.5600 7.1231 18,1983 .4600 7.1066 19.4470 
„5580 ‚1228 18.2188 ‚4580 ‚1062 19.4770 

| 25560 ‚1229 18.2394 ‚4560 ‚1058 19.5073 
БЕРЕ .55407— .1222— 18.2602. 4,4540 .1055 J 19.5377 
‚5520 ‚1219 18.2812 i ,4520 ,1051 19.5683 
.5500 ‚1216 18.3023 ‚4500 ‚1047 19.5992 
„5480 ‚1215 18.3236 ‚4480 .1043 19.6303 
. 5460 .1210 18.3451 .4460 .1040 19.6616 
„5440 ‚1207 18.3668 . 4440 ‚1036 19.6931 
. 5420 ,1204 18.3887 ‚4420 ‚1032 19.7249 
. 5400 ‚1201 18.4107 ‚4400 ‚1028 19.7569 
. 5380 ‚1198 18.4330 4380 ‚1025 19.7891 
. 5360 ‚1195 18,4554 ‚45360 ‚1021 19.8215 
„5340 ‚1192 18.4780 ‚4340 1047 19.8541 
„5320 С 1168 18.5007 4320 .1013 19.8870 
.5300 ` ,118557 187 .4300 .1009 19.9202 
.5280 ‚1182 18.5468 ‚4280 ‚1005 19.9535 
. 5260 ‚1179 18.5701 ‚4260 ‚1001 19.9871 
‚5240 31176 18,5936 .4240 .0998 20.0209 
.5220 1.1175. 18.6173 . 4220 . 0994 20.0550 
.5200 ‚1169 18.6412 ‚4200 ,0990 20.0893 
45180 7.1166 18,6652 .4180 7.0986 20.1238 
.5160 .1165 18,6895 ‚4160 ‚0982 20.1586 
„5140 ‚1160 18.7139 „4140 ‚0978 20.1936 
«5120 «1156 18,7385 «4120 0974 20.2289 
.5100 ‚1153 18.7633 ‚4100 . 0970 20.2644 
. 5080 ‚1150 18.7883 ‚4080 . 0966 20.3002 
-5060 11346 18,6135 «4060 | 0,0962 20,3363 °°} — 
‚5040 ‚1143 18.8389 ‚4040 0958 20.3725 
‚5020 ‚4140 ‚4020 0954 20.4091 
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‚4000 «0950 20,4459 . 5000 - . 0735 22.6690 
. 5980 . 0946 20.4829 2980 0751 22.7226 
5960 .0Ü49422420..5202 — 2960 0726. 22.7765 
. 3940 ‚0938 20.5578 ‚2940 ‚0722 22.8309 
5920 ‚0934 20.5957 2920. ‚0717 ^ 22.8858 
5900 0930 20.6558 —— ЕЕ 2900) 0713— 22.9410 
, 5880 ‚0926 20.6721 ‚2880 . 90708 22.9968 
: 5860 ‚0921 20.7108 ‚2860 ‚0704 23.0529 
ОО NEW , 3840159 ,091/— 20.7497 228.2840 0699 | 235.1096 
«9820 , 091 3 20.7889 ‚2820 2.0694 25.1667 
. 5800 ‚0909 20.8284. ‚2800 ‚0690 23.2243 
- 3/760 . 0901 20.9082 . 2760 ‚0681 23.5409 
«3740 ‚0897 20,9486 ‚2740 ‚0676 25.3999 
5 1.2.0 . 00924 520.9892 6یک‎ 95. ,ም 20 0671— 235.4594 
$700 . 0888 21.0301 ‚2700 ‚0667 23,5194 
: 3680 ‚0884 21.0713 . 2680 ‚0662 25.5800 
7660 --, Οδ 21.1128 ሂዊ ሯምም.ሪዕሪዕዐዕ 0658__ 23.6410( 
‚4640 ‚0876 21.1546 . 2640 . 0653 25.7026 
«5620 ‚0871 21.1967 ‚2620 ‚0648 23.7647 
„+600 МШШ 0062 21.2591 2600___. 0644. 23,8274. 
, 35580 2.0865 21.2819 ‚2580 ‚0639 25.8906 
. 560 «0859 21.3249 2560 ‚0634 25.9543 
5540 -0854 21.5689 — — 0 .-06350-----24.0387 
‚3520 ‚0850 21.4119 ‚2520 ‚0625 24.0835 
. 5500 ‚0846 21.4559 ‚2500 «0620 24.1490 
5480  .0841. 21.5002 «= 5 1.246)  .0611:6 ο”... 
«$460 ‚0837 21.5448 ‚2460 ‚0611 24.2817 
‚5440 ‚0833 21.5897 i ‚2440 ‚0606 24.5490 
3420 0928 21.6359 2420 0601 24.4169 
«49400 ‚0824 21.6806 ‚2400 «0297 24.4854 
3480 ‚0820 21.7266 ‚2380 ‚0592 24.5545 
3360 _.0815 21.7729 ..— — 2356051 .0587.— 249 I 
‚5540 ‚0811 21.8195 | ‚2340 ‚0582 24,6948 
5320 0807 21.8665 ‚23520 ‚0278 24.7659 
5500 .. U8B02.— 21.9159 Е 100500 1 ,0523 24.8377 
. $5280 ‚0798 21.9616 ‚2280 ‚0568 24,9101 
«$5260 . 0793 22.0096 ‚2260 «05654 24.9833 
pr SL AD 0289 3 22,0580. —— 264 0559. 25.057 
3220 ©0785, 22.1068 ‚2220 ‚0554 25.1318 
‚5200 ‚0780 22.1560 ‚2200 ‚0549 25.2072 
3180 0/76__ 22.2055 2180 0244. 25.2853 
. 3160 ‚0/71 22.2595 ‚2160 ‚0540 25.3602 
«49140 0767 22.5058 ‚214% «0565 25.4378 
3120 0762 = 22.3564 CONES 2120 0530. 25.5162. 
‚5100 ‚0758 22.4075 ‚2100 ‚0525 25.5955 
‚4080 ‚075$ 22.4590 ‚2080 0520 25.6755 
Eu 3060 0749 . 22.5109. . . .2060— — .0515.— 252759509 
3040 0744 22.5632 «2040 ‚0511 25.8382 


‚3020 ‚0740 22.6159 ` 2020 0906 25.9206 
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R GD 1/GD(0B) - GD — ,1/GD(DB) 
‚2000 ‚0201 26.0043 41000 «0654 431.9167 
.1980 ‚0496 26.0886 «0980 ‚0249 32.0907 
‚1960 “0491 26.1739 0960 .0244.. 32.ረ2684 
.1940 .0486 26.2602 ‚0940 ‚0239 32.4500 
1920 0482 26.3474 0920 ‚0233 432.6354 
.1900 0477 . 26.4356 40900 | 1.0228 32.8250 
.1880 ‚0472 26.5247 ‚0880 ‚0223 33,0190 
‚1860 ‚0467 26.6149 ‚0860 ‚0218 33.2174 
“1840  ,0962 0р6,7061 4.40840 7.0213 33.4206 
.1820 ,0457 26.7984 . 0820 .0208 33.6287 
.1800 ‚0452 26.8917 „0800 ‚0203 33.8421 
«1780 7.0447 26.986; : . ..0780 |.  .0198 34.0608 
. 1760 ‚0442 27.0818 ‚0760 ‚0193 34.2854 
‚1740 ‚0438 27.1785 ‚0740 «0188 34.5159 
.1720 0435 27.2764 ‚0720 ‚0183 34.7529 
.1700 ‚0428 27.3755 ‚0700 ‚0178 34.9966 
‚1680 ‚0423 27.4759. .0680 .0173 35.2474 
1660 ,0414 27,5775 40660 2 .0168 — 35.5057 
«1640 «0414 27.680 4 «0640 0163 35.7721 
. 1620 ‚0408 27.7846 «0620 «0158 36.0470 
«1600  .0405 27,890:  ,060) ,0153 36.3309 
.1580 .0598 27.9971 «0980 ‚0147 36.6245 
‚1560 «0494 28.1055 . 0560 ‚0142 36.9285 
.1540 | 1.0588 28.2154 |  .,.054) Т .0137 37.2436 
. 1520 . 0585 28.3267 ‚05260 ‚0132 37.5707 
‚1500 ‚0378 28.4396 «09009 ‚0127 37.9106 
.1480 |. .0374 28,5540 40480 | 0,0122 À) 338.2645 
‚1460 ‚0469 28,6701 «0460 0117 38.6335 
.1440 ‚0564 28.7878 ‚0440 ‚0112 39.0190 
‚1420 .0559 28.9072 .0420 .0107 39.4224 
‚1400 ‚03454 29.0284 . 0400 .0102 39.8456 
‚1580 «0449 29.1514 «05380 «0097 40.2906 
‚1360 «0444 29.2762 ‚056% ‚0092 40.7597 
‚1340 ‚05359 29.4050 «0440 «0087 41.2557 
‚13520 .0534 29.9317 . 0 20د‎ ‚0081 41.7818 
‚1500 0529 29.6624 ‚0300 ‚0076 42.3419 
1280 .0324 29,7953 00፡80 „0071 42.9408 
‚1260 ‚0319 29.9302 «0260 ‚0066 43.5841 
,1240 .0319% 30.0674 .0240 «0061 44.2790 
.1220 (0509 30.2069 . 0 220 .0056 45.0344 
‚1200 0404 30.3487 .0200 «0051 45.8620 

| .1180 .0299 30.4930 ‚0180 ‚0046 46.7769 
«1160 . «0494 30.6398 .0160 ‚0041 47.7997 
‚1140 0289 30.7892 ‚0140 ‚0036 48.9593 
‚0284 30.9414 ‚0120 ‚0031 50.2981 | .  . ` 
«1100 «0479 31.0963 ‹0100 ‚0025 51.8815 
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APPENDIX XIV 


Saturation 


Saturation occurs in almost every electronic amplifier. 
In general there is no sharp breakpoint between linear and 
nonlinear operation, but an approximate breakpoint can usually 
be chosen with small resultant error. If a higher degree of 
accuracy iS required the characteristic curve can be broken 
into several linear portions and a new describing function 
developed. Several runs of data were obtained from Program 
DESCRIB for various values of gain of the saturation portion 


of the characteristic curve, 
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